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FOREWORD

“Geological Survey Research 1968,” the ninth annual review of the economic and scientific
work of the U.S. Geological Survey, consists of 4 chapters (A through D) of Professional
Paper 600. Chapter A summarizes significant results, and the remaining chapters consist of
collections of short technical papers. As in the past the purpose of the volume is to make avail-
able promptly to the public many of the highlights of Survey research and investigations.

Some, but not all, of the results summarized in chapter A are discussed in more detail
in the short technical papers of chapters B through D, or in reports listed in “Publications in
Fiscal Year 1968”, beginning on Page A259. The tables of contents for chapters B through D
are listed on pages A253-A258 of this chapter.

Numerous Federal, State, county, and municipal agencies and other organizations and
countries listed on pages A209-A213 made significant financial contributions to the results
reported here. They are identified where appropriate in the short technical papers (chapters
B-D), and in papers published cooperatively, but are not generally identified in the summary
statements of chapter A. However, if a summary statement is the result of collaboration with
a colleague from outside the Survey, the colleague’s current organization (such as a university)
is indicated in parentheses immediately following his name in the text.

The volume for next year, “Geological Survey Research 1969,” will be published as
chapters of Professional Paper 650. Previous volumes are listed below, with their series
designations.

Geological Survey Research 1960—Prof. Paper 400
Geological Survey Research 1961—Prof. Paper 424
Geological Survey Research 1962—Prof. Paper 450
Geological Survey Research 1963—Prof. Paper 475
Geological Survey Research 1964—Prof. Paper 501
Geological Survey Research 1965—Prof. Paper 525
Geological Survey Research 1966—Prof. Paper 550
Geological Survey Research 1967—Prof. Paper 575

WicLiam T. PEcora,
Director.

III






Resources investigations_____________________________
Special and topical mineral-resource programs.______
Heavymetals_ __ ___ . _.__

Petroleum._ _ ______________ . ________
Exploration techniques__.____________________
Office of Minerals Exploration__.________._.___
Mineral investigations related to the Wilderness

Primitive areas__ . . ____________
Wildlife refuges -« - - ________
Mineral-resource appraisals_ . - ____.._________
National compilation_ . ____________
Areal compilations______________________
Geological, geophysical, and mineral-resource studies_
New England . _ ________________________.___
Stratigraphic and structural studies-______
Studies of graniticroeks________._________
Studies of ore deposits--- .- ________
Pleistocene geology - - - - .. _________
Coastal plains_ _ . _________________________._
Stratigraphic studies of Tertiary rocks_____
Stratigraphic studies of Mesozoic rocks____
Appalachian Highlands______________________
Adirondack, Valley and Ridge, and Appa-
lachian Plateaus Provinees.____________
Taconic belt and Reading prong_.________
Blue Ridge and Piedmont._ .. ____________
Central region and Great Plains______________
Precambrian rocks of Lake Superior region..
Paleozoic stratigraphic studies_.._________
Pleistocene geology - - - - - ___________.
Mineral-resources studies_ _._____________
Northern Rocky Mountains._________________
Stratigraphic studies of Mesozoic and Ce-
nozoie rocks___ . __ . ___________________
Stratigraphic studies of Paleozoic rocks..__
Investigations in mineralized areas________
Structural and geophysical investigations_ _
Investigations of voleanic rocks_._________
Glacial geology- - - ____________________
Southern Rocky Mountains_ . _ - _____________
Precambrian rocks of Colorado___________
Paleozoic and Mesozoic stratigraphy.______
Studies involving Cenozoic deposits_______
Mineralization and structure.-__._________
Coal in San Juan Basin__________________

CONTENTS

= O 00 00 S ST S ke b e

o

12
12
12
12
12
15
15
16
16
17
17

18
18
18
18

18
20
20
22
22
22
23
23
23

23

24
25
26
27
28
28
28
29
30

Resources investigations—Continued
Geological, geophysical, and mineral-resource
studies—Continued

New paleontological discoveries in Alaska._
Northern Alaska_. - ________.____
West-central Alaska_____________________
East-central Alaska___.__________________
Southwestern Alaska__ - _____________
Southern Alaska__ ____ .. . ___....
Southeastern Alaska. - - ... ________
Puerto Rico__ . ______ .
Geologic MaPS_.o oo oo oo
Large-scale geologie maps________________
Intermediate-scale geologic maps_ ________
Maps of large regions_ . _ . ___..________
Water resources- - - - .o oo
Data coordination, acquisition, and storage____
Office of Water Data Coordination________
Water-data storage system_______________
Atlantic coast region_ . _____________________.
Interstate studies. . ... _______
New England_ _ _ ... _______
New York._ __ a2
New Jersey._ _ - -
Connecticut___ -
Pennsylvania_..___ . ____________________
Maryland. . - ..
North Carolina. . _ .- . ____

Midcontinent region. . . _____________.___.
Minnesota. _ __ ..o

Kentueky. ..
Tennessee._ . o eee—me

Mississippi- . oo oo
Louisiana__ - _ .o

Page

52

57



Vi

Resources investigations—Continued
Water resources—Continued
Rocky Mountain region_ ____________________
Montana - - ___
North Dakota__ .. _________________
Wyoming._ .. _
South Dakota___ .. ____________.____

Pacifie coast region_ - - . ________________
Hawaii___ ..

Saline water_ . _____ . ______
Marine geology and hydrology .- ________________
Atlantie continental margin__________________
Gulf of Mexico and Caribbean Sea
Pacific continental margin
Alaska continental margin
Oceanic islands_ - . ________________________
Marine-resource appraisal
Marine sedimentology.- - .. ________________
Estuarine and coastal hydrology..____________
Management of natural resources on the Federal and
Indian lands_ - ______________________________
Classification of mineral lands_______________.
Waterpower classification—Preservation of reser-
voir sites

Geologic and hydrologic principles, processes, and
techniques______ _____________________________.._.
Experimental geophysies_________ . ______________
Geothermal studies_.___ . ________________
Rock magnetism____________________________
Mechanical properties of roeks________________
Pressure and temperature studies._._____
Permeability studies___._ _________________
Geochemistry, mineralogy, and petrology._._._________
Experimental geochemistry____.______________
Mineralogic studies and erystal chemistry. ... __
Crystal chemistry of rock-forming silicates.
Mineralogy of sulfides___________________
New-mineral data_._____________________
Protodolomite ‘n echinoids
Voleanie rocks and proeesses_ ___ _____________
Basaltic and ultramafic roeks...____._____.

Silicie voleanie roeks.___ . _____________
Investigations at the Hawaiian Voleano
Observatory.- .- - .

Plutonie rocks and magmatie processes
Distribution of clements
Geochemistry of water.______________________
Hydrothermal ore deposits and brines______
Precipitation, surface water, and subsurface

Chemical-equilibrium and kinetics studies_.

CONTENT®S

86
86

89
89
89
90
91
91
92
92
92
94
94
97
97
97
98

99

99
101
103
103
104

104
105

Geologic and hydrologic principles, processes. and

techniques—Continued Page
Isotope and nuclear geochemistry. . ____.___________ A106
Isotope tracer studies_ - - ___________________ 106
Stable isotopes.. . - - _____________ 108
Radioaective disequilibrium___________________ 109
Advances in geochronometry_________________ 110
Isotope hydrology_ - - - - __________ 111
Sedimentology - - - 112
Sedimentary petrology_ _ - - ____________ 112
Fluvial sedimentation_ __ . ________________ 113
Erosion and sediment yield_ _____________ 113
Sediment transport_ _ _ __________________ 114
Sediment deposition- ... ______________ 115
Glaciology - - - - oo 115
Paleontology . _ . 116
Paleozoic of the United States________________ 116
Mesozoic of the United States._______________ 118
Cenozoic of the United States________________ 118
Other paleontological studies_..___.______.____ 119
Geomorphology . - - - 120
Ground-water hydrology_ . ___________________ 122
Surface-water hydrology_ - - ___________ 125
Chemical and physical characteristics of water______ 129
Chemical characteristies_ _____ . ____________ 129
Inorganie substanees_ ___________________ 129
Organic substances_ . __________________ 129
Physical characteristies_ . ______________ 130
Relation between surface water and ground water.._ 130
Soil moisture__ o 132
Evapotranspiration. . . ... __________ 133
Evaporation from reservoirs..._ .. __._________ 133
Evapotranspiration from land surfaces_. . _____ 133
Evapotranspiration by phreatophytes______._. 134
Limnology - - - - oo 134
Plant ecology - - - - - oo oo 135
New hydrologic instruments and techniques_______. 136
Analytical methods. - - __________ - 138
Analytical chemistry - __ . ____ ...~ 138
Optical spectroscopy - - - - - oo oeo oo ioeeeeoo 140
X-ray fluorescence - - - - oo 141
New methods in water analysis________-______ 141
Geology and hydrology applied to engineering and the
public welfare______________ . 143
Earthquake and crustal studies_._______ .- 143
Geophysical studies . - ___ 143
Geologic studies . -~ - —o oo 145
Engineering geology - - oo - 147
Urban and special engineering studies_ __ .- ___- 148
Urban studies_ - - .o oo 148
Special engineering studies____. ___ ... ... 149
Investigations related to nuclear energy. - - --—---- 150
Test-site studies - oo oo m e 150
PLOWSHARE PYOZram _ . o ooooomommmmmmmm e - 152
Earth-orbiting nuclear generators__.. . _-------- 152
Disposal of radioactive wastes. ... --—---- 153
Transport of radionuclides by streamrs. - 153
Transport of radionuclides by ground
WabeT - - o e m e mm e 153
Underground disposal of radioactive gases. 154
Floods - e 154
Outstanding floods of 1967-68____ .- 154
Flood-frequency studies_ _ - - .o oo ao-- 155
Flood mapping- - - -« -« oo cccmc o= 156

Water quality and contamination._ ... ____--- 156



CONTENTS VII
Geology and hydrology applied to engineering and the Topographic surveys and mapping—Continued Page
public welfare—Continued Page Mapping aceomplishments_______________________ A190
Distribution of minor elements as related to health__. A158 Mapping in Antaretica_ - _________________ 196
Land subsidence___ - _ . ___ 158 Foreign-assistance programs______________________ 198
Astrogeology . - _____. 161 National Atlas_ .. ________ 198
Lunarstudies_ . o ___ 161 Research and development.______________________ 198
Surveyor investigations_ . ___________________ 161 Field surveys_____ __ o ___ 198
Lunar Orbiter investigations_ ________________ 162 Photogrammetry_ _ __ _____ . ______________ 200
Terrestrial analogs of lunar features__._______.____ 164 Cartography . _ __ __ o ___ 203
Manned lunar-exploration methods _ . ____________ 165 | Computer technology_.______________________________ 205
Cosmic geochemistry and petrology - .- . ____.___ 167 | Publications program.________________________________ 207
Remote sensing and advanced techniques______________ 169 Publications issued.__ - _____________________ 207
Remote-sensing applications to geologic investiga- How to order publications_ __ __ . ______________ 207
oM - - e 169 | Cooperators and other financial contributors during fiscal
Remote-sensing applications to hydrologic investi- year 1968______ . _____ 209
gations _— . __ 171 Federal cooperators_ . ___ . ______________ 209
Earth Resources Observation Satellite (EROS) State, county, and municipal cooperators___._______ 209
PrOGIam - _ _ oo 173 Other cooperators and contributors_ ______________ 213
Cartographie investigations_ ____________________. 173 | U.S. Geological Survey offices________________________ 215
Geologic and hydrologic investigations in other countries. 175 Main centers___ . 215
Summary by countries_ _ _ __.__________.__._____ 178 Public Inquiries Offices - _____________ 215
Afghanistan_._________._______.___.__..___. 178 Selected field offices in the United States and Puerto
Bolivia - o 178 Rieo- - oo 215
Brazil - - 178 Computer Center Division___________________ 215
Colombia _ - o 178 Conservation Division_______________________ 215
Costa Rica - - 179 Geologie Division.____ . ________________ 216
GUYANA - _ _ oo 179 Topographic Division_ . _____________________ 216
NICALAGUR - - oo 179 Water Resources Division.___________________ 217
T8 e oo e 180 Regional offices______ . ________________ 217
Pakistan o 180 District offices_ . .. ____ 217
RKONY A e e e 181 Offices in other countries_________________________ 218
Liberia - - o o o 182 Geologic Division__ ... ____.___.____ 218
MOTOCCO - - - - e o 183 Water Resources Division_.__________________ 219
NGt _ - e 183 | Investigations in progress in the Geologie, Water Re-
MAUritiuS - - o e e e 183 sources, and Conservation Divisions________________ 221
TUrkey - - e 183 | Contents of Geological Survey Research 1968, Chapters
Saudi Arabit .- 183 B,C,and D ... 253
Cento countries. - . o __.___ 184 | Publications in fiscal year 1968_______________________ 259
Korea .o 184 | Indexes- - - <o ool 319
Antaretica .o 185 Publications index. . ..o ______________.___ 319
Topographic surveys and mapping _ . ______________.___ 189 Subjeet index - _ - .. 347
Program management___ . ______________________ 189 Investigator index_ _ _ . _________________ 366
ILLUSTRATIONS
Page
Frocure 1. Index map of conterminous United States, showing boundaries of regions referred to in discussion of geological,
geophysical, and mineral-resource studies_ - ___ __ _ o e Al6
2. Index map of Alaska, showing boundaries of regions referred to in discussion of Alaskan geology____.__________ 38
3. Index map of conterminous United States, showing published 1:250,000-scale geologic maps.._________________ 44
4. Index map of conterminous United States, showing areal subdivisions used in discussion of water resources______ 48
5. Index map of Moon, showing status of geologic mapping .- . e 161
6. Index map of Antaretiea. . e 185
7. Status of 7%~ and 15-minute quadrangle mapping. . __ e 191
8. Revision in progress, 7'~ and 15-minute series topographic mapping ... ______________________ ... 192
9. Revision of 1:250,000-seale topographic mapping______ . 193
10. Status of State topographic maps._ - e 194
11. Status of 1:1,000,000-scale topographic maps.___ __ oo 195
197

12. Index map of Antarctica, showing status of topographic mapping_ . . _________



efs permi_______

cfs per sq mi_.__

REFERENCES

Text references are in three forms:
G. W. Walker and D. A. Swanson (p. B37-B47)
Refers to a short paper published in a chapter of “Geological Survey Re-
search 1968.” The letter preceding the page numbers identifies the chapter. The
tables of contents for the short-paper chapters are on p. A253-A258.
W. 0. Addicott (r0352)
Refers to a publication released in fiscal year 1968 and at least one of whose
authors is a member of the U.S. Geological Survey. The number is the acquisi-
tion number used in computer compilation of the list of publications that begins
on p. A259. (In the text, the prefix “r” replaces the first cipher of the acquisi-
tion numbers in the list.)

Footnotes

Used for those publications that were released before fiscal year 1968, or that
are in press, or whose authors are not members of the U.S. Geological Survey.

ABBREVIATIONS

[Singular and plural forms for abbreviations of units of measure are the same]

angstrom units
acre-feet
altitude
atmospheres
barrels
Before Present
British thermal
units
billion years
cubic feet per
minute
cubic feet per
second

" cubic feet per second

per mile
cubic feet per second
per square mile
centimeters
cubic centimeters
cubic feet
cubic kilometers
cubic meters
cubic yards
decimeters
electromagnetic
units
feet per day
feet per second
feet
foot-pounds
feet per mile
grams
gallons

gallons per day

gpd per ft______

gpd per sq ft_.__

gpd per sq mi___

gallons per day per
foot

gallons per day per
square foot

gallons per day per
square mile

gallons per minute

hours

kilobars

kilocalories

kilograms

kilometers

kilometers per
second

liters

pounds

meters

molar (concentra-
tion)

millicalories

millicalories per cen-
timeter per second
per °C

milliequivalents

milliequivalents per
liter

milligrams

milligals

million gallons per
day

million gallons per
day per square
mile

milligrams per liter

milliliters

mm____________ millimeters
mph___________ miles p=r hour
mv.._ .- _.____ millivolts

MY, oo million years
B microns

P71 microcurie

microcalories per
square centi-
meter per second

peal/em? sec. - - -

72 S micrograms

pgflo . micrograms per
liter

pmhos_________ micromhos

N_ . normal (concen-
tration)

OZcocceeo - ounces

peflo .. picocuries per liter

pPPbo . parts per billion

ppm_ . __ parts per million

psi- . pounds per square
inch

psig- -~ pounds per square
inch gage

S€C. o oo second

sqem .. ____. square centimeters

sqdm____._____ square decimeters

sqft - square feet

sq ft per sec____ square feet per
second

sq km__________ square kilometers

sqm____.___._- square meters

sqmi-_________ square miles

TU. . tritiumr units

Wt weight

2 S years



GEOLOGICAL SURVEY RESEARCH 1968

RESOURCES INVESTIGATIONS

The U.S. Geological Survey carries out broad and
highly diversified research programs to further our
knowledge of the mineral, fuel, and water-resources
potential of this Nation, and also to provide informa-
tion needed for wise and economic use of our land.
These programs play a vital role in furthering the
Nation’s development, as they provide basic informa-
tion on the character, magnitude, location, and distri-
bution of mineral and water resources as well as on the
principles and processes involved in their formation.
This information forms the foundation upon which
many critical decisions and actions are based, including
location and development of mineral deposits, utiliza-
tion of water resources, siting and construction of
engineering works, and management of Federal lands.

In this report, mineral and resource investigations

are grouped in the following five broad categories:

1. Special and topical mineral-resource programs

2. Geological, geophysical, and mineral-resource
studies

3. Water resources

4. Marine geology and hydrology

5. Management of natural resources on Federal
and Indian lands

Scientific and engineering programs aimed at prob-
lems of land development are discussed in the section
“Geology and Hydrology Applied to Engineering and
the Public Welfare.”

SPECIAL AND TOPICAL MINERAL-RESOURCE
PROGRAMS

The continued growth and well-being of the United
States depend on access to continuous supplies of a
great many mineral and fuel commodities. The Geologi-
cal Survey has a primary mission to furnish informa-
tion on domestic resources so that commodity needs can
be met at lowest cost and with minimum disruption to
the physical environment. To provide this information,
intensive geologic-research programs including geo-
logic mapping, geochemical sampling, geophysical sur-
veying, and laboratory studies are carried out to iden-
tify new mineral targets and sources and to assess the

resource potential of heavy metals, base and ferrous
metals, light metals and industrial minerals, radioactive
materials, and organic fuels.

Important developments and highlights of these pro-
grams are summarized in this section. Many other
results are included in the section “Geological, Geo-
physical, and Mineral-Resource Studies.”

In addition to geologic research aimed at specific com-
modity needs, assessment of the potential-resource base
for many areas, as well as nationwide for certain com-
modities, has been made during the past year. Revorts
are in preparation for the States of Oregon and Arizona.
Studies in eight Primitive Areas are also underw~y in
order to appraise their mineral-resource potential b~fore
decisions are made as to the suitability of such aress for
inclusion in the Wilderness System.

Other activities carried out by the Survey to assist
in meeting demands for mineral commodities include:
(1) Financial assistance, through its Office of Mirerals
Exploration, to private industry to stimulate explora-
tion for certain mineral commodities, and (2) develop-
ment of new techniques, concepts, and instruments that
aid in detection of mineral deposits.

HEAVY METALS

GOLD

Geology of gold deposits in Nevada

Cortez.—Gold at Cortez occurs in a window of car-
bonate rock in the lower plate of the Roberts Mourtains
thrust fault. Detailed studies by J. D. Wells and J. E.
Elliott show that the host rock consists of laminated to
thin-bedded black- to light-gray silty dolomitic lime-
stone and calcareous dolomitic siltstone that contains
syngenetic pyrite cubes and aggregates. These chks,
which have been assigned to the upper part of the {ilur-
ian Roberts Mountains Limestone and (or) the lower
part of the Devonian Wenban Limestone, have been
faulted and folded repeatedly during their complex
geologic history. Gold occurs along fractures and bed-
ding planes in a zone in which the rocks .hav.e been
bleached and the pyrite oxidized. During oxidation the
iron was redistributed, so that the rock ranges in color
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from light gray to dark red. The alteration zone
envelops an Oligocene intrusive body of biotite-quartz-
sanidine porphyry, but the relationship of gold min-
eralization to this intrusive body is unknown. The gold
mineralization generally accompanied silicification,
iron-oxide staining, decalcification, and, in extreme
cases, dedolomitization, although any one of these proc-
esses of hydrothermal alteration may have occurred
without introduction of significant amounts of gold.
The gold is present as native-metal particles ranging
from 10p to <0.2p across and averaging about 1u in
diameter, and it occurs mostly within chalcedony intro-
duced between the original silt grains and to a lesser
extent in quartz-filled microfractures and in hematite-
geothite pseudomorphs after pyrite.

Carlin—Field mapping and laboratory study by
A. S. Radtke show that the gold-ore bodies presently
exposed in the Carlin mine are in extensively altered
shaly limestones. In addition to the introduction of gold
as the native metal, the host rocks show extensive devel-
opment, of various clay and silica minerals, and the
removal of carbonate. Although the clay alteration is
most striking and obvious, the occurrence of silica min-
erals with clays, as well as large jasperoid zones, are
very important guides to exploration and to formula-
tion of concepts of ore genesis.

Recognition of significant amounts of gold in certain
deeper beds of the Roberts Mountains Limestone, below
the present exposures in the mine, adds substantially to
the potential gold production in these deposits. In con-
trast to the shallow ores, the rocks are unoxidized dark-
gray unaltered shaly limestones. Specifically, these ores
lack the mineral assemblages resulting from alteration
to clay and silica, and their gold may be of syngenetic
origin. Although, certainly clay alteration and silicifica-
tion are guides to mineralization, no part of the Roberts
Mountains Limestone, irrespective of lithology and
alteration, should be overlooked as a potential explo-
ration target.

Goldfield —Additional geochemical sampling at
Goldfield by J. P. Albers and R. P. Ashley has shown
that areas of anomalous lead content outlined by earlier,
preliminary work contain only local high concentra-
tions of gold.

Near the Combination and January mines where
bonanza ore deposits occur, silicified vein material con-
tains significant and possibly near-economic amounts of
gold and silver. Lead, bismuth, tellurium, arsenic, an-
timony, and mercury are also associated with bonanza
gold and silver deposits. Anomalous amounts of these
elements in silicified rocks elsewhere in the 17-sq-mi al-
tered area within the district may therefore be clues to
concealed ore deposits.

RESOURCES INVESTIGATIONS

Gold Acres—Studies of the structural setting of ore
deposits on the east flank of the Shoshone Range by
C. T. Wrucke and T. J. Armbrustmacher lave shown
that the lower plate of the Roberts Mountains thrust
lies at an unknown, but probably short, distance be-
neath the bottom of the inactive Gold Acres open-pit
mine, which had the largest production of any gold
mine in Nevada during the 1950’s. Undisturbed lower
plate rocks previously have been reported s cropping
out in the floor of the pit. ‘

In the Gold Acres area, strongly mineralized rock is
known to occur only in the breccia zone of the thrust.
The Gold Acres deposit therefore differs from those at
Carlin and Cortez, both of which lie in the Roberts
Mountains Limestone below the thrust. The presence of
mineralized rock in the Roberts Mountains Limestone
beneath younger rocks of the lower plate in the vicinity
of the Gold Acres mine remains to be tested.

Cornucopia district.—A brief reconnaissance of the
Cornucopia mining district, a small silver-gold mining
district in northwestern Elko County, has revealed evi-
dence leading to a revision of the age relations of two
sequences of volcanic rocks. Rocks formerly thought to
be premineralization in age, but unmineralized, have
been shown by R. R. Coats (r0448)? to be pastmineral-
ization extrusives, resting unconformably on the altered
andesite in which the ore bodies are found. Extensions
of the known productive veins may be sought at shallow
depth beneath the younger volcanic rocks, where they
are separated from the mined part of the veins by post-
mineralization high-angle faults that have brought the
younger volcanic rocks into contact with the older ore-
bearing andesite.

Geology of gold deposits in Alaska

Kenai Peninsula—Studies by D. H. Richter in the
Nuka Bay area of the Kenai Peninsula show that folded
slates and graywackes of Cretaceous age and minor dio-
ritic dikes and sills are host rocks for a number of gold-
bearing quartz veins. The veins are generally short, thin,
and discontinuous but locally contain as much as 9
ounces of gold per ton across zones as much as 2 feet
wide. The larger and more strongly mineralized veins
appear to be restricted to massive, competent graywacke
beds, but some are in brittle dikes where they fill ten-
sional cross joints formed as a result of folding. The
area produced some gold during 192440, but since then
it has been relatively inactive. Although tl» veins are
thin and gold values erratic, the high tenor and relative
ease of extracting the free-milling gold indicates that
small-scale mining may be economically feasible.

1 See note opposite page Al for explanation of reference notations.



SPECIAL AND TOPICAL MINERAL-RESOURCE PROGRAMS

Chulitna district.—Detailed mapping and related
studies made by C. C. Hawley and A. L. Clark in the
upper Chulitna district, about 120 miles north of An-
chorage, indicate strong mineralization at newly identi-
fied sites near the old Golden Zone mine and Silver King
prospect. At both places, the mineral deposits are associ-
ated with small stocks of biotite quartz diorite por-
phyry. The Golden Zone deposit, previously described
as a low-grade disseminated deposit,® ? is a breccia pipe,
about 200 to 300 feet across, exposed near the center
of a small stock. The deposit near the Silver King pros-
pect consists of highly fractured and mineralized rocks
at and near the southeast contact of a small stock. Both
deposits are characterized by abundant arsenopyrite and
smaller amounts of chalocopyrite, sphalerite, galena,
and pyrite. The ores are mostly low grade, and contain
from a trace to an ounce, or rarely more, of gold per ton;
small amounts of silver, copper, and zinc; and distine-
tive trace amounts of antimony, bismuth, molybdenum,
and tin. Calculations based on surface mapping and
sampling, reinterpretation of drill cores, and old records
indicate that the Golden Zone deposit is a gold resource
containing more than $10 million in metals, mainly gold
and silver.

Yenina district.—In the Yentna district, in the Alaska
Range 60 to 80 miles northwest of Anchorage, C. C.
Hawley and A. L. Clark have identified some sources of
the placer-gold deposits that have thus far yielded the
bulk of about 204,000 fine ounces of gold produced from
the Yentna—Willow Creek district. Gold has been found
in dikes and plugs of sulfide-bearing felsite porphyry,
in quartz veins, and, in trace amounts, in strongly argil-
lized quartz-bearing shear zones whieh seemingly cor-
relate with the heads of some productive placers. The
district has a strong northeast-trending structural grain
that is in pant determined by the major shear zones.
Deposition of extensive deposits of Tertiary and Quater-
nary auriferous gravel was also partly controlled by the
shear zones, along which valleys have been eroded ; thus
the shear zones were perhaps doubly important in fur-
nishing some of the gold and controlling the course of
the streams in which the placers formed.

Chandalar area—In the Chandalar mining area,
about 180 miles north of Fairbanks, the known gold
prospects and the base-metal and precious-metal anom-
alies in stream sediments are concentrated in an area of
northwest-trending shear zones west of a fault that
parallels the upper reaches of Big Creek and Little Me-
Lelland Creek. Geochemical sampling by W. P. Brosgé
and H. N. Reiser indicates that some mineralization oc-

2 C. P. Ross, 1933, Mineral deposits near the West Fork of the Chulitna
River, Alaska: U.S, Geol. Survey Bull. 849-E, p. 289-333.
3 See note opposite page Al for explanation of reference notations.
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curs northwest of the area that has been actively pros-
pected. Gold and arsenic anomalies occur in soil sam-
ples on the northwestward projection of the Mikado
mine shear zone, and gold, silver, arsenic, and lead anom-
alies in stream sediments suggest that an inferred shear
zone northwest of McNett Fork is also mineralized.
Anomalies in sediments also occur on short tributaries
of the northwest-trending part of Big Creek.

Seward Peninsula—Heavy-metals investigetions
under C. L. Sainsbury on the Seward Peninsula have
shown that cassiterite in large amounts accompanies
gold in placer deposits along Humboldt Creek, in the
Serpentine-Kougarok area. Sluice concentrates left by
gold-placer miners are salable tin concentrates. Com-
mercial recovery of tin with gold should make placer-
gold mining profitable.

Most of the productive gold placers of the Teller-
Kougarok area are localized near hydrothermally
altered fault zones in slate or, to a lesser extent, in chlo-
ritic schists. Mineralized faults with low gold values or
anomalous amounts of tin extend northward from the
Nome area into the western Kigluaik Mountains The
most. important of these are faults that are part of a
system shown previously by C. L. Hummel to be ore
bearing in the Nome C-1 and D-1 quadrangles. The bio-
tite granites of the Kigluaik Mountains are similar to
other tin-bearing granites of western Seward Peninsula.

Geology of gold deposits in Eastern States

Great Falls, Md—Study of gold veins in Piedmont
gneisses of Maryland near Great Falls on the Potomac
River, north of Washington, D.C., by J. C. Reed, Jr.,
and J. C. Reed, Sr. (r0487), indicates an anatomosing
system of fissure veins in shear zones with rich gold
pockets at vein intersections. Veins and wallrocks were
sampled on a modified grid pattern by A. V. Heyl, J. P.
D’Agostino, D. P. Cox, J. C. Reed, Jr., J. L. Jolly,
and others. Both gold-quartz veins and quartz-lean gold
veins in shear zones throughout the area contain gold
above a background of 0.05 ppm Au. Gold values in
saprolite away from veins are low. Semiquantitative
spectrographic analyses suggest that certain elements
such as molybdenum may be useful as tracers for locat-
ing gold veins. The analytical data are being statisti-
cally analyzed to determine if other elements may be
useful as tracers.

Dahlonega, Ga~—Reconnaissance sampling in the
Dahlonega gold belt has shown that vein quartz is not
everywhere the most favorable host rock for gold.
Over 1,000 samples were collected by F. G. Lesure
from various rock types in 40 old mines and along nu-
merous roadcuts throughout the belt. In the southwest-
ern half of the belt, 62 percent of the mica schist samples
from mine areas contain 0.05 ppm or more Au as com-
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pared with 46 percent of the vein quartz samples and
16 percent of the mafic schist samples. In samples col-
lected along roadcuts across the trend of the gold belt,
about 13 percent of the mica schist, 13 percent of the
mafic schist, and 10 percent of the vein-quartz samples
contain 0.05 ppm or more Au. In the mine areas of the
northeastern half of the belt, however, 43 percent of
the vein-quartz samples contain 0.05 ppm or more Au,
as compared with 34 percent of the mica schist samples
and 33 percent of the mafic schist samples. In samples
from roadcuts in the northeastern half of the belt, only
13 percent of the vein-quartz samples, 6 percent of the
mica schist samples, and none of the mafic schist sam-
ples contain 0.05 ppm or more Au. In the whole belt,
one-tenth of the roadcut samples and one-half of the
mine samples contain 0.05 ppm or more Au.

West Pembroke, Maine—~Sulfide-mineral deposits
near West Pembroke, eastern Maine, containing gold,
silver, copper, lead, and zinc minerals, are fracture fill-
ings that apparently originated at shallow depth in
Devonian time, according to R. H. Moench, The host
rocks are gently folded but pervasively cleaved and
complexly fractured Upper Silurian shallow-marine
argillites and volcanic rocks. North of the deposits
these rocks are intruded by the Devonian Red Beach
Granite of Amos (1958),* and to the east the Red Beach
Granite and the Silurian stratified rocks are uncon-
formably overlain by the Upper Devonian Perry For-
mation. The sulfide deposits probably also predate the
Perry Formation, and evidently were formed in a vol-
canic environment that existed during the time interval
between accumulation of the Upper Silurian host rocks
and subsequent erosion, and deposition of the Perry
Formation. The deposits are locally cut by Devonian( #)
vesicular diabasic dikes and sills, which further sug-
gests that mineralization originated at shallow depths.

The minerals of these deposits are distributed in three
distinct zones: (1) a central(?) gold-bearing zone of
chalcopyrite, pyrite, gangue minerals, and pervasively
silicified rocks; (2) an intermediate zinc-rich zone in
which sphalerite is the dominant ore mineral; and (3)
an outer(?) silver-lead-zinc zone of dominantly sphal-
erite, galena, and probably several silver minerals, and
only locally silicified rocks.

Studies of Precambrian gold deposits

Gold Basin—-Lost Basin district, Arizona—Quartz-
sulfide-gold veins and veinlets are widely dispersed
thronghout the upper Precambrian metamorphic and
plutonic complex extending from Gold Butte in the
southern Virgin Mountains, Clark County, Nev., to the
Gold Basin-Lost Basin district south of Lake Mead,

¢D. H. Amos, 1958, Geology and petrology of the Calais and Rob-
binston quadrangles, Maine: Dissert. Abs., v. 19, no. 5, p. 1053,
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Mohave County, Ariz. The auriferous veins are meso-
thermal, and P. M. Blacet reports several lines of evi-
dence to indicate that they are genetically related to
the locally fluorite-bearing rapakivi granite of Gold
Butte, which extends southward into the Gold Basin
district in a series of small cupolas. The granite has been
dated at 1,050 m.y. An almost unique transition between
the source granite and gold-bearing quartz veins is rep-
resented in the Garnet Mountain quadrangls by a re-
markable magmatic segregation within fluorite- and
pyrite-bearing syenitic pegmatite that occurs in a small
stock of fine-grained sparsely porphyritic granite. Pri-
mary megascopic gold is associated with primary fluor-
ite and topaz in quartz-carbonate-microcline segrega-
tion dikes several centimeters thick that grade laterally
into an aplitic facies within the pegmatite.

Northern New Mexico and southwestern Colorado.—
Precambrian quartzite and conglomerate ir northern
New Mexico have been studied by Fred Barker in an
effort to determine whether they contain fossil gold
placers. Formations sampled include the Ortega Quart-
zite of Just (1937)% and the Kiawa Mountain Forma-
tion of Barker (1958)¢ in the Tusas Mountains, and
the Ortega Quartzite and Vadito Formation of Mont-
gomery (1953)7 of the Picuris Range. These rocks con-
tain less than 0.1 ppm Au, and apparently were derived
from a terrane of quartzite, jasper, argillite, and iron-
formation that contained very little or no gold.

The carbonaceous and partly pyritic slates and schists
of the Uncompahgre Formation of the Needle Moun-
tains, Colo., were sampled and analyzed for gold and
other metals. Results show less than 0.02 ppm Au in all
samples, and values of other metals comparable to or less
than those of average shales.

Northern Black Hills, S. Dak.—Recogniticn of wide-
spread ellipsoidal metabasalts, associated with streaky
ferruginous chert, in the Flag Rock Formation of Dodge
(1942)® in the northern Black Hills indicates that ex-
ploration possibilities in several areas should be recon-
sidered. The Flag Rock Formation is in the upper part
of the Precambrian stratigraphic sequence at Lead,
S. Dak. According to R. W. Bayley, the consistent past
practice of regarding these metabasalts as irtrusive or
as metamorphosed carbonate-bearing beds has contrib-
uted to a misunderstanding of the general stratigraphy.

5 Kvan Just, 1937, Geology and economic features of the pegmatites of
Taos and Rio Arriba Counties, New Mexico: New Mexico School Mines
Bull. 13, p. 11, 13, 21-22, 43.

¢ Fred Barker, 1958, Precambrian and Tertiary geology of Las Tablas
quadrangle, New Mexico: New Mexico Bur. Mines and Mineral Resources
Bull. 45, p. 1, 10, 24.

7 Arthur Montgomery, 1953, Pre-Cambrian geology of the Picuris
Range, north-central New Mexico: New Mexico Bur. Mines and Mineral
Resources Bull, 30, p. 8, 21-31.

87, A. Dodge, 1942, Amphibolites of the Lead area, northern Black
Hills, South Dakota: Geol. Soc. America Bull, v. 53, no. 4, p. 563.
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Further confusion was caused, particularly in the Ga-
lena-Roubaix district, by the incorrect correlation of the
cherts of the Flag Rock with the Homestake Formation
of Hosted and Wright (1923).° Recognition of the meta-
basalt-chert lithocouple as part of the Flag Rock opens
up exploration sites for Homestake-type ore bodies here-
tofore unrecognized. For example, plunging anticlines
in the Galena-Roubaix district, in which the oldest rocks
exposed are the Flag Rock and which show lean gold
mineralization in the crests, should now be regarded as
target areas possibly underlain by the mineralized
Homestake Formation.

Though fieldwork is still in progress, it seems likely
now that the same reasoning may be applied to the main
structure at Rochford, where ellipsoidal lavas, tuffs, and
breccias of the Flag Rock are underlain and overlain
by graphitic and cummingtonite schists. The upper
cummingtonite schist has been called Homestake For-
mation (which it definitely resembles) and on this basis
the structure there was interpreted to be an upside-down
syncline. An intriguing alternate view, tentatively held,
is that the schist and volcanic rocks are all Flag Rock,
resting on quartzite of the Ellison Formation of Hosted
and Wright (1923) that is exposed in the crest of the
structure. According to this interpretation, the structure
is a normal pitching anticline and the true Homestake
Formation (if present) lies below the Ellison.

Studies of recent and fossil placer deposits

Sierra Newvada, Calif —Drill-log information ob-
tained by D. W. Peterson and W. E. Yeend from pri-
vate sources indicates that a 2-mile stretch of the
Tertiary gravel channel near North Columbia, Nevada
County, contains over half a million ounces of gold
dispersed through about 22 million cubic yards of
gravel, at a grade (based on a price of $35 per ounce)
averaging about 81 cents per cubic yard. The deposit
is buried at depths ranging from 100 to 400 feet. Al-
though the deposit is too low grade to support extrac-
tion and recovery by present methods, the total quantity
of metal represents a target attractive enough to stimu-
late the imagination and ingenuity of miners and
metallurgists.

Tests were conducted along the channel by H. W.
Oliver and colleagues to determine the feasibility of
using geophysical methods to (1) determine the con-
figuration of the bedrock beneath the exposed gravels,
(2) find and trace Tertiary channels where they are
buried by volcanic breccia, (3) locate structures such
as transverse ridges, faults, and lithologic boundaries

2J. O. Hosted and L. B. Wright, 1923, Geology of the Homestake ore

bodies and the Lead area of South Dakota: Eng. and Mining Jour.-
Press, v. 115, nos. 18, 19, p. 793-799, 836-843.
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in the bedrock beneath the gravels that might have
served as natural traps for gold, and (4) determin-= the
distribution within the gravels of other relatively heavy
minerals such as magnetite and pyrite that are krown
to be associated with concentrations of gold in this
area.

Some preliminary conclusions have been reached. A
combination of seismic-refraction and gravity methods
have determined the depth and configuration of the
channel to an accuracy within 10 percent of the depth
as measured in the drill holes. Seismic-refraction meth-
ods have identified depressions in the bedrock surface,
below volcanic rocks, that may be occupied by gravels;
seismic methods, however, cannot actually detect low-
velocity gravels beneath the higher velocity volcanics.
Electromagnetic methods, supplemented in part by in-
duced-polarization methods, show promise of being able
to detect and trace the productive gravels where they
are not buried deeper than 200 feet. A broad, vague
magnetic anomaly across the channel suggests that more
precise magnetic studies might delineate concentrations
of magnetic material. The usefulness of the resistivity
method for determining bedrock configuration was re-
stricted in this area by the locally rough topogr~ohy
within the hydraulic pits; however, the method did
provide more information than the others on layering
within the gravels in favorable areas.

Northeastern Utah—The Wasatch (Tertiary) and
Evanston (Tertiary and Cretaceous) Formations and
Echo Canyon Conglomerate of Williams and Madsen
(1959)*° (Cretaceous) of northeastern Utah have been
sampled for gold by T. E. Mullens and D. C. ¥nox.
Bedrock or gravel samples weighing 13 to 15 kg were
taken at 165 localities and concentrated to a few grams
by panning. In all the samples only a few flakes of gold
were found, and none had more than one flake per sam-
ple. Thus, the sampled formations do not seem to contain
concentrations of gold of economic importance, and
very likely no undetected pre-Tertiary deposits of gold
exist in any of the rocks exposed in the northern Wa-
satch Mountains.

Virginia City, Mont—Placer deposits of Virxinia
City have yielded the bulk of the district’s gold output,
and some, such as those of Alder Gulch, were fabulously
rich. As part of his study of the district, K. L. Weir
mapped the volcanic rocks of the area to determine, if
possible, the prevolcanic drainage pattern and the pos-
sible location of buried placers. His mapping indicates
that the prevolcanic drainage probably coincided with

10N, C. Williams and J. H. Madsen, Jr., 1959, Late Cretaceous s*ratig-
raphy of the Coalville area, Utah, in Intermountain Assoe. Petroleum

Geologists, Guidebook, 10th Ann. Field Conf., Salt Lake City, Utah:
p. 123, 125.
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the present drainage, and therefore that concealed placer
deposits are unlikely to exist away from Alder Gulch.

Moenkopi Formation, Colorado Plateay region.—
Gold is found in quantities of 0.02 ppm or higher in 101
samples out of 318 collected from the Triassic Moenkopi
Formation in the Colorado Plateau region, according
to R. A. Cadigan. The Moenkopi Formation is a “red-
bed” unit composed of very fine-grained sandstones,
coarse siltstones, clastic limestones, and gypsum. The
rocks represent a variety of depositional environments
ranging from continental to marine. Some very coarse
conglomerates are present but the formation is pre-
dominantly thin bedded, with little evidence of chan-
neling or torrential bedding. The mode of occurence of
the gold and its particle size and shape are not known.

Gold values within the Moenkopi occur in a log-
normal statistical distribution and range from 0.02 to
0.70 ppm. The regional distribution of gold-bearing
samples departs significantly from random. Probability
of randomness was found to be less than 0.01 based on a
chi-square test for significance. Major sources of chi-
square deviation are: (1) a significantly greater than
expected proportion of gold-bearing samples in the
northern (Uinta Mountains) part of the region; and,
(2) a smaller than expected proportion of gold-bearing
samples in the central (Paradox Basin) part of the re-
gion. No single stratigraphic member was found to have
a significantly higher proportion of gold-bearing sam-
ples than the formation as a whole. The upper red mem-
ber, however, in southwestern Utah yielded the highest
proportion of gold-bearing samples, in terms of the chi-
square index, of all of the stratigraphic members.
Subsequent sampling has not revealed any zomes or
areas of concentration, and this relation tends to sup-
port the idea that the gold is generally disseminated
throughout the rocks and that statistically significant
regional or stratigraphic differences have no economic
importance.

Northwestern Colorado.—Gold occurs with monazite
in placer deposits of at least three ages in the Iron
Springs Divide area northwest of Craig. According to
P. K. Theobald, sand lenses in the Eocene Wasatch
Formation about 50 feet below a tongue of the Green
River Formation are the local source beds and are them-
selves mined on a small scale. Placer deposits in old
terraces are derived from the Eocene rocks and, with the
Eocene rocks, contribute to placers in the modern allu-
vium. The primary source for the gold and monazite
was in Precambrian erystalline rocks, most likely to the
east of the present deposits.

Southern Oregon—Deposits of magnetite-rich sand-
stone, previously considered to be of Jurassic or Creta-
ceous age, crop out sporadically in the hills near the
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Illinois River south of its junction with the Rogue River
at Agness. These deposits were of undetermined size,
extent, and economic potential until E. M. Baldwin
(Univ. of Oreg.), working under a joint research con-
tract as part of the Geological Survey marine program,
mapped and sampled the sandstone bodies in detail. His
findings indicate that the sandstone occurs in small thin
outhiers that probably formed in middle Eocene time at
the margin of a marine basin. The gold content of the
deposits is low, substantially less than 1 ppm, and at
present the deposits have very limited econcmic poten-
tial. However, these deposits may have contrbuted sig-
nificantly to marine placer deposits and could constitute
an important source of gold and other heavy metals that
occur on the continental shelf off the month of the
Rogue River.

Geochemical and geophysical studies at Cripple Creek,
Colo.

Geochemical studies in the Cripple Creek district by
G. B. Gott and J. H. McCarthy, Jr., show that strong
northwest-trending gold anomalies are reflected by the
distribution of several metals and by zones of potassic
alteration. Within the strongest alteration zones, potas-
sium has been enriched, at the expense of sodium, by a
factor of 2 to 3. Airborne radiometric messurements,
therefore, should define exploration targets in detail.

Gravity and magnetic data collected by M. D. Klein-
kopf over the Cripple Creek caldera and adjacent Pikes
Peak granite have provided new information on the
geology and on the controls of mineralization in the
Cripple Creek district. The Bouguer gravity data show
a 10-mgal minimum anomaly conforming to the outline
of the caldera. The lowest gravity values as well as the
negative magnetic anomalies correlate well with gold
and silver geochemical anomalies and with areas of
alteration and mineralization.

Gold deposits at Thunder Mountain caldera, central
Idaho

Productive low-grade gold deposits of tke Thunder
Mountain district, Valley County, may be essentially
stratabound, according to B. F. Leonard. Tt~ distribu-
tion of known deposits and prospects is consistent with
the notion that some process concentrated gnld within
the detrital and immediately underlying pyroclastic
filling of the Thunder Mountain caldera before this
sinklike, partly andesite-flooded Tertiary structure was
intensely block-faulted during Quaternary time. Much
of the andesite and most of the sedimentary unit be-
neath it have since been eroded. The crudely conform-
able, replacement character of the Dewey and Sunny-
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side deposits was recognized some years ago by Ross.™

The hypothesis of stratabound gold accumulation has
an obvious bearing on prospecting for additional low-
grade gold deposits in the bedrock. The broad, flat ridge
north of Dewey Hill is capped by thin flows of andesite.
The andesite is nearly everywhere in fault contact with
welded rhyolite crystal tuff that Leonard thinks must
underlie the thin sedimentary unit exposed at the
Dewey mine, where the sedimentary rocks themselves
are in contact with a thin fault sliver of andesite. Three
miles east of the Dewey mine, conglomerates and sand-
stones rich in rhyolitic debris are exposed beneath ande-
site; the contact is an unconformity. Therefore, sedi-
mentary rocks that are potentially gold bearing may un-
derlie at least part of the 1.1 square miles of andesite
that caps the flat ridge north of Dewey Hill, provided
they were not completely eroded before the andesite
flowed over them. The exposed thickness of andesite is
generally 200 to 300 feet. Its total thickness is indeter-
minate, owing to faulting, but the strong topographic
expression of the andesite suggests that its total thick-
ness may not exceed 350 feet. The existence of favorable
gold-bearing ground beneath the andesite could there-
fore be tested by drilling shallow holes from readily ac-
cessible sites on the flat ridge.

Mobility of gold during weathering

Gold is appreciably enriched in secondary iron oxides
and hydroxides that develop during weathering. Z. S.
Altschuler has found abnormal concentrations of gold
in iron-rich selvages developed on the weathered sur-
faces of granite, in illuvial iron zones of lateritized
granite, in iron-stained grus overlying gold-bearing por-
phyry, in secondary goethitic fracture fillings in hydro-
thermally altered argillites, and in concretionary iron
nodules from lateritic soils over gold mines. Composite
samples of soil nodules collected at 4 mines had gold
values of 500, 800, 1,300, and 1,700 ppb Au.

At the Calhoun mine, Lumpkin County, Ga., fresh
limonite mud forms a coating on the wall of an adit
driven 50 feet below an old stope. F. G. Lesure reports
that the limonite mud assays 2.9 ppm Au; whereas the
wallrock under the limonite, a quartz-biotite-muscovite
schist containing about 0.1 percent pyrite, has no detect-
able gold. Gold is apparently being taken into solution
during the oxidation of pyrite in the stope and is being
transported and redeposited with fresh limonite where
iron-rich ground water is exposed to air in the adit be-
low the stope.

These results indicate appreciable mobilization of
gold by ground water during weathering and concen-

1C, P. Ross, 1927, Ore deposits in Tertiary lava in the Salmon

River Mountains, Idaho: Idaho Bur. Mines and@ Geology Pamph, 25,'
p. 14-16,
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tration in the secondary iron byproducts of weather-
ing. Subsequent erosional dispersal of such secondary
iron phases may account for a significant part of the
gold in the sedimentary cycle. In addition, accretionary
iron of any kind formed during weathering may be a
valuable guide toore.

SILVER

Argentiferous base-metal deposits, Needle Mountnins,
Colo.

Ore deposits in the Chicago Basin—Vallecito Rasin
area of the Needle Mountains, southwestern Colorado,
were investigated by L. J. Schmitt, Jr., and W. H. Ray-
mond. A highly altered silicic porphyritic intrisive
plug of possible Tertiary age intrudes Precamlbwrian
granite and is surrounded by argentiferous base-metal
fissure veins. The plug is composite and consists of rocks
of both pre- and post-mineralization age. The vein min-
erals are mainly sphalerite, galena, and chalcopyrite
with lesser amounts of tetrahedrite, and the veins con-
tain significant amounts of silver. Anomalous amounts
of molybdenum were found both in veins and in silicified
and argillized porphyry.

OTHER COMMODITIES

COPPER

Consumption of copper in the United States increased
from 1.4 million tons in 1950 to 2.3 million tons in 1966.
Far more significant has been the rise in consumption
in non-Communist countries, which has increased from
2 million tons in 1950 to 5.5 million tons in 1966. The
copper industry, through diligent exploration, agzres-
sive expansion of production facilities, and technologic
development, has produced copper in quantities ade-
quate to meet consumptive needs. Exploration for cop-
per to meet anticipated needs will, however, berome
increasingly difficult as more and more of the Nation’s
area is tested. To aid in this continuing search, the Geo-
logical Survey has undertaken a number of projects
aimed at gaining more information on copper deposits.
Selected highlights of these projects are described in
the following section; other results are given in the sec-
tion “Geological, Geophysical, and Mineral-Resource
Studies.”

Copper geochemical anomalies in central North Car~lina

A geochemical study by A. A. Stromquist along the
Silver Hill-Gold Hill shear zone, a major structure 2
to 4 miles wide that strikes north-northeast across cen-
tral North Carolina, has revealed several copper
anomalies along en-echelon trends as much as 1,100 feet
long and 400 feet wide. Within these anomalous areas,



A8

samples contain 80 to 600 ppm Cu accompanied locally
by gold in amounts as high as several parts per million;
in general, however, the gold content is much less than

1 ppm.
Exploration targets in Hogatza area, Alaska

Several exploration targets have been found in the
Hogatza area northeast of Seward Peninsula as a result
of fieldwork by T. P. Miller and O. J. Ferrians, Jr.
These include (1) copper mineralization at two locali-
ties at the north end of the Zane Hills pluton, together
with stream-sediment sampling that indicates an area
of anomalous copper content; (2) boulders of barite,
containing tetrahedrite, galena, and sphalerite, in tail-
ings of the abandoned placer in Utopia Creek, which,
together with geochemical anomalies revealed by
sampling of stream sediments, indicate possible lead-
silver mineralization; (3) lead mineralization south of
Purcell Mountain in the headwaters of the Hawk River
in a zone of quartz veins; and (4) a radioactivity
anomaly in border phases of the Zane Hills pluton.

Base-metal anomalies near Summitville, Colo.

A geologic and geochemical study of the volcanic and
intrusive center around the Summitville mining district
and Lookout Mountain in the eastern San Juan Moun-
tains has revealed an exploration target for copper and
other base metals. W. N. Sharp reports that over a large
area volcanic rocks, a porphyry dike of the same age
as the plug at Summitville, and a quartz monzonite
stock are altered to illite-kaolinite. Within this altered
area is a zone of more intense alteration characterized
by alunite and pyrophyllite. Several areas containing
anomalous amounts of lead, molybdenum, copper, and
zinc also include parts of the dike, the stock, and the
zone of intense alteration. This combination of features
strongly resembles the pattern of alteration and metal
anomalies in the highly productive Summitville district.

URANIUM

The projected growth of nuclear power generation in
the United States will necessitate the discovery of
nearly 500,000 tons of U;0; to meet demands through
1980 and to provide a needed 8-year reserve. This is
nearly double the amount that has been discovered in
all the past. Although it is reasonable to expect that
this much economically recoverable uranium exists in
the United States, most of the more easily discovered
near-surface deposits have already been found and new
deposits will become increasingly more difficult to locate.
Part of the Geological Survey’s investigations are
directed toward providing new geologic, geophysical,
and geochemical information to aid in the search for
new uranium deposits, and one of the recent accomplish-
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ments of these investigations is described in the fol-
lowing section.

Structural control of sedimentary uranium deposits,
southern Black Hills, South Dakota and Wyoring

Exploratory drilling in the Edgemont uranium dis-
trict should be aided by C. G. Bowles’ recognition that
recurrent deformation along northeast-trending fault
zones controlled both the distribution of favorable host
rocks and the movement of ore-forming solutions. The
streams that deposited the host-rock sandstone of the
Lower Cretaceous Inyan Kara Group flowed northwest-
ward and were diverted by uplift along the perpen-
dicular fault trends. Tributaries tended to concentrate
in areas of subsidence. Subsequent nondeposition or
erosion on upwarped areas, deposition of finer grained
sediments in relatively stable areas, and thicker accu-
mulation of sand in the more rapidly subsiding areas
controlled the distribution of favorable host rocks.
Recurrent fracturing on the northeast-trerding zones
during later Cretaceous and Cenozoic time permitted
ground water, migrating down the flanks of the Black
Hills uplift in the Minnelusa Formation of Permian
and Pennsylvanian age and probably in the Pahasapa
Limestone of Mississippian age, to rise under artesian
pressure (F. A. Swenson, r1082). Fracture-controlled
solution of anhydrite in the Minnelusa by the ascend-
ing water produced collapse-breccia pipes, some of
which extended upward to the Inyan Kara Group, pro-
viding conduits for uraniferous ground water.

PETROLEUM

Structure and petroleum accumulation, Wind River Basin,
Wyoming

Regional stratigraphic and structural interpretations
by W. R. Keefer suggest that conditions were favorable
for generation and accumulation of hydracarbons in
pre-uppermost Cretaceous oil and gas reservoirs long
before the advent of Laramide deformation in latest
Cretaceous time, Fluids tended to migrate as far east-
ward as the present Wind River Basin ares if individ-
ua) reservoir conditions permitted, because the regional
dip of strata was westward toward the geosynclinal
area in eastern Idaho, and because overburd»n pressures
were always greater toward the west. Some primary
accumulations of petroleum probably took place at or
near presently known oil and gas fields before folding
began.

Pronounced subsidence of the central basin area dur-
ing the Laramide in latest Cretaceous and early Ter-
tiary times induced a secondary migration of fluids
updip toward anticlinal traps that develoned contem-
poraneously along the basin margins. Hovever, facies
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changes, unconformities, and porosity and permeability
barriers within many of the pre-uppermost Cretaceous
reservoirs tended to inhibit wholesale flushing of all the
oil and gas formerly trapped in the central basin area.
It is believed, therefore, that still-unexplored strati-
graphic traps may exist downdip from the present
margins of the basin.

EXPLORATION TECHNIQUES

Reconnaissance geochemical investigations

In the Empire mining district, Clear Creek County,
north-central Colorado, G. C. Curtin and others used
the gold content of forest humus, which consists of
mixed organic and mineral matter, to delineate gold
mineralization in the bedrock underneath colluvial or
glacial cover. The ash of the humus layer in mineralized
areas contains 0.2 to 6 ppm Au, whereas the underlying
colluvial soil (6-12 inch depth) contains lesser amounts.

Also in one area of the Empire district, F. N. Ward
and others found that the bismuth or cadmium content
of forest humus is useful in pinpointing mineralized
zones in bedrock underneath colluvial cover. Directly
over mineralized zones the bismuth content of humus
ash is as much as 300 ppm and decreases to less than
25 ppm within a distance of 20 feet from the zones.
Over mineralized zones the cadmium content of humus
ash is 20 ppm and decreases to 5 ppm and less within a
distance of 20 feet from the zones.

In the northern Sierra Cuchillo, Socorro County, N.
Mex., W. R. Griffitts and others report that the minerals
barite and fluorspar, as well as the elements tellurium,
lead, molybdenum, zinc, and copper, define a strong
geochemical anomaly associated with argillized vol-
canic rocks. The significance of the anomaly is not
known, but its magnitude is enough to justify further
investigation.

In a study of the minor-element association of gold
in ore-related jasperoids, T. G. Lovering, H. W. Lakin,
and A. E. Hubert observed a strong correlation of gold
with tellurium, mercury, tin, arsenic, and possibly sil-
ver. The last three elements were usually detected in
routine spectrographic analysis of jasperoids, and the
strong correlation with gold suggests a means of ex-
ploration for the precious metal.

Geochemical studies in the Sheep Creek Range, Lan-
der County, Nev., by G. B. Gott reveal strong geochem-
ical anomalies of zinc, lead, mercury, copper, silver,
antimony, and arsenic in exposures of siliceous clastic
rocks of the upper plate of the Roberts Mountains thrust
fault. Some of these anomalies conform to an aeromag-
netic anomaly, but their significance is uncertain at
present.
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Appraisal of geochemical anomalies

In the Burnt Nubble area of Squaretown, Somerset
County, Maine, a diamond-drilling program carriec out
by F. C. Canney to determine the source and signifi-
cance of strong geochemical and geophysical anomalies
revealed a major belt of sulfide mineralization within
gabbro-norite of the Moxie pluton. The belt is at least
5,000 feet long and located 8 miles away from known
mineralization of the same type. The belt confains
several sulfide zones with substantial amounts of dis-
seminated to massive pyrrhotite and minor amounts of
chalcopyrite.

Botanical investigations

In studies of metal absorption by plants, H. L. Can-
non, H. T. Shacklette, and Harry Bastron (r1823)
analyzed samples of Zquisetum (horsetail) from vari-
ous mineralized areas and reported that the ash of sam-
ples collected in the conterminous United States and
Alaska contained an average of 0.17 and 0.54 ppm Au,
respectively. The observation that the ash of E'quisetum
had a lower metal content than the ash of other plants
from the same locality suggests that it is not an accumu-
lator of metals as previously thought. Zinc is an excep-
tion, as it is consistently present in amounts greater
than are found in the substrate and often in amounts
greater than in the ash of other plants.

Airborne detection of mercury vapor as a tool
for exploration

An instrumental technique for measuring the mer-
cury content of exhaled soil gas, developed by W. W.
Vaughn,? has been tested by Vaughn and J. H.
McCarthy, Jr., in the Ivanhoe district, Elko County,
Nev. In this technique, the exhaled gas passes upward
into a pyramidal plastic tent and escapes through the
apex, which contains an amalgamator that selectively
traps the mercury vapor. The amalgamator is removed
after 2 hours and the trapped mercury is released and
measured in a mercury-vapor absorption photometer.

Apparently the diurnal changes in temperature and
pressure at the soil surface causes back-and-forth move-
ment of soil gases. With decreasing barometric pressure,
mercury is exhaled from the soil. Tts concentraticn in
the air over a mineralized zone containing mercury
minerals such as cinnabar, metacinnabar, and schuetteite
may be as much as 100 times greater than the corcen-
tration in air over an unmineralized area.

Over mineralized zones, anomalous mercury corcen-
trations extend upward to at least 1,000 feet above the
surface. Recently Vaughn, R. E. Learned, and Mec-
Carthy, in cooperation with D. R. Mabey and others,
mounted mercury amalgamators in low-flying aircraft

12 W, W. Vaughn, 1967, A simple mercury vapor detector for geo-
chemical prospecting: U.S. Geol. Survey Circ. 540, 8 p.
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and found mercury concentrations in air over mercury
deposits as much as 10 to 15 times background and in
air over porphyry copper deposits as much as 6 times
background.

Mineral exploration by in-situ X-ray fluorescence

F. E. Senftle and A. B. Tanner tested the feasibility
of using X-ray fluorescence in the field for mineral de-
tection. Sensitivities for both gold and silver were im-
proved considerably by special construction and con-
figuration of the X-ray source. With a newly engineered
direct linear readout and an improved source, the
threshold of sensitivity for gold is about 100 ppm. Fur-
ther development will probably improve the sensitivity
by at least an order of magnitude.

Mineral exploration by in-situ neutron activation

F. E. Senftle, Perry Sarigianis, John Evans, and
P. W. Philbin (in U.S. Geol. Survey, r0439, p. A16)
previously described instrumentation for determining
silver by in-situ neutron activation. This technique has
been improved by them to permit detection of silver in
concentrations of Iess than 0.1 oz per ton. Similar equip-
ment permits detection of gold in concentrations of 0.3
oz per ton. Techniques are being devised to improve
these limits by at least an order of magnitude.

Analytical procedures useful in geochemical prospecting

As little as 0.01 ppm Au in soils and rocks can be de-
termined with an improved analytical method devel-
oped by G. H. VanSickle and H. W. Lakin. The gold is
dissolved from a 100-g sample with a small amount of
bromine and ethyl ether and subsequently treated with
methy] isobutyl ketone by a special technique in which
the volume of added ketone is optimum to form a “mud-
ball” with the powdered sample. Dilute hydrobromic
acid displaces the ketone, and gold is measured by atom-
izing the ketone into an atomic-absorption spectropho-
tometer. The use of a large sample promotes better pre-
cision and improved sensitivity.

Toluene-3,4-dithiol was used by W. R. Griffitts and
others to detect small particles of molybdenite or ferri-
molybdite in mineral concentrates. These particles are
often too small for positive identification under a petro-
graphic microscope. The mineral particles are placed on
a piece of filter paper previously dusted with a fine layer
of the dry-powdered organic reagent. Concentrated
hydrochloric acid is allowed to diffuse slowly through
paper past the unknown mineral grains. Flecks of green
color around the mineral grains are positive evidence of
molybdenum minerals.

As little as 0.2 ppm Cd in soils and rocks can be de-
termined by a method developed by H. M. Nakagawa
and T. F. Harms. The powdered sample is leached with
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boiling nitric acid, and cadmium is measured by atom-
izing the supernatant liquid directly into an acetylene-
air flame of an atomic-absorption spectrophotometer.

A similar method for determining bismuth in altered
rocks has been developed by F. N. Ward and H. M.
Nakagawa (r0397). As little as 10 to 20 ppm Bi can be
measured with a relative standard deviation of about
10 percent.

In a reappraisal of early spectrographic data for the
Meade Peak Phosphatic Shale Member of the Phos-
phoria Formation in Jackson Hole, Wyo., J. D. Love
reported that one bed 714 feet thick and 7 feet above
the base of the formation contained $2.70 Ag per ton
(computed on the basis of $2.25 per troy ounce, and
short tons) and about 20 percent P,Os. The basal 2 feet
of this bed contained $3.78 per ton Ag. Other parts of
this bed contained 0.7 percent Cr, 0.3 percent each of
Sr and V, and lesser amounts of La, Mo, N1, and Y.

Although significant amounts of gold have not been
reported from the Phosphoria Formation ir this area, 4
samples from a recently discovered surfac» section of
the Retort Phosphatic Shale Member 25 miles southeast
of Jackson, Wyo., contained 200 to 400 ppb Au.

F. N. Ward and M. E. Hinkle have developed a new
method for the determination of mercury in vegetation
and natural waters based upon the change in potential
of a specific iodide electrode caused by the reaction of
mercury with iodide. Mercury concentrations as low as
10~* ppm in aqueous solution are easily measured.

A spark-solution technique for emission spectro-
graphic work has been developed by D. J. Grimes and
A. P. Marranzino. Samples are digested in acid, trans-
ferred to a porcelain boat, and the solution is fed into
the spark gap by means of a rotating disk. Sensitivities
as low as 0.1 to 1 ppm can be obtained for Ag, As, Au,
Bi, Co, Cu, Mo, Ni, Sn,and Zn.

Interpretation of geophysical data by electronic computer

L. E. Cordell and R. G. Henderson have developed a
method of successive approximations for deriving a
three-dimensional structural model from gravity-
anomaly data, given certain limiting restrictions. A
computer program was written and succes~fully tested
on synthetic and actual gravity data.

Fourier analysis has been applied to total-magnetic-
intensity profiles by Henderson and Cordell in order to
calculate certain parameters of two-dimen<ional struc-
tures such as depth, dip and width, and relief of
basement surfaces. In interpreting a magnetic anomaly
related to sea-floor spreading, they were altle to deduce
directly the susceptibility variation in the basaltic
layer.
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A system was also developed for the automatic inter-
pretation of two-dimensional prismatic magnetic bodies
from digitized aeromagnetic profiles.

Microbiological investigations

Preliminary results of a research grant to Colorado
State University to investigate the role of micro-
organisms in the solubilization of gold indicate that
some micro-organisms thrive in nutrient solutions that
contain up to 10 ppm Au. These organisms will be
tested for their ability to solubilize gold.

OFFICE OF MINERALS EXPLORATION

Exploration for certain minerals within the United
States and its territories and possessions is encouraged
by a financial assistance program conducted by the Geo-
logical Survey’s Office of Minerals Exploration (OME).
The program provides financial assistance to private
industry on a participating basis. It is available to those
who would not ordinarily undertake the proposed
exploration at their sole expense, and who are unable
to obtain the necessary finances on reasonable terms
from commercial sources. An applicant must own, lease,
or have an otherwise valid claim to the property he
wishes to explore.

Exploration on approved projects may be conducted
from the surface or underground using recognized and
sound procedures in the search for new or unexplored
mineral deposits within a specified area or parcel of
ground where geologic conditions favor their occur-
rence. Assistance is not available to “grubstake” or
finance prospecting ventures.

Repayment to the Government of Federal funds
expended on a contract plus simple interest is at the rate
of 5-percent royalty on production from the property.
If there is no production, no repayment is required.
The Government is not obligated to purchase any
production.

A total of 36 minerals or mineral products are eligible
for Government financial assistance, of which the fol-
lowing 27 are eligible for 50 percent of the allowable
costs of exploration:

Asbestos

Fluorspar
Bauxite Graphite (crucible
Beryllium flake)
Cadmium Iron ore
Chromite Kyanite (strategic)
Cobalt Manganese
Copper Mica (strategic)
Corundum Molybdenum
Diamond Monazite

(industrial) Nickel

211

Niobium (Columbium)-  Sulfur

Quartz crystal (piezo- Talc (block steatite)
electric) Tellurium

Rare earths Thorium

Selenium Uranium

The following 9 minerals or metals are eligible for
Government financial assistance of 75 percent of the
allowable costs of exploration:

Antimony Rutile
Bismuth Silver
Gold Tantalum
Mercury Tin
Platinum-group

metals

Combinations of the minerals or mineral products
listed in the 50- and 75-percent assistance groups may
be eligible for Government financial assistance of €2.5
percent of the allowable costs of exploration.

Activity in the OME program in the year ending
March 31, 1968, and from February 1959 when the
first application was received to April 1, 1968, was
as follows:

Total estimeted
Apr. 1, 1967 Feb. 1959~ cost of proposed
Mar. 31, 1968 Apr. 1, 1968 exploration
Applications received.__ 101 728 $72, 025, 366
Applications denied.__ 23 287
Applications with-
drawn.____________ 33 215
Executed contracts:
Number of
contracts_ ... _. 20 154
Total value. . ____ $1, 254, 180 89, 977, 704
Government
share..._______ $853, 935 $5, 610, 609
Government
share spent_.___ $588, 311  $2, 820, 434
Repaid to Gov-
ernment
through
royalties on
production_____ $14, 973 $165, 912

Distribution by principal mineral commodities of all
OME contracts executed through March 31, 1958,
was as follows:

Number of  Total value of  Percertage
Principal commodity contracts contracts of total value
Silver_ . _ . _____ 55 $4, 108, 466 41. 2
Gold. .l ... 42 2, 347,209 23. 5
Mereury. - oo 11 726, 380 7.3
Lead-zinc__ oo 7 682, 030 6. 8
Copper- - - - . 10 578, 550 5. 8
Lead-zinc-copper. . - ... _____ 11 487, 641 4.9
Molybdenum_________________ 3 384, 438 3.8
Iron . 3 199, 580 2.0
Berylium.____________________ 3 127, 440 1.3
All others (cobalt, fluorspar,
mica, nickel, platinum,
uranium) . _ _ __ - 9 335, 970 3.4

Total (15 commodities). _ 154 $9, 977,704 1C0. 0
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As of March 31, 1968, 40 OME contracts were in force
in 12 States, and 72 applications for financial assistance
were under review.

MINERAL INVESTIGATIONS RELATED TO THE
WILDERNESS ACT

The Wilderness Act of 1964 directs the Secretary of
Agriculture and the Secretary of the Interior to review
the suitability or nonsuitability of lands being consid-
ered for inclusion in the National Wilderness Preser-
vation System. They are to submit their recommenda-
tions to the President and the Congress at the rate of
one-third of the areas within 3 years of passage of the
Act, two-thirds of the areas within 7 years of passage
of the Act, and the remainder within 10 years of the
Act. The Geological Survey and the Bureau of Mines
are directed to make mineral surveys of the proposed
wilderness areas as one aspect of the suitability studies.

PRIMITIVE AREAS

The first 3-year period specified by the Act was
reached in September 1967. As of then, the Geological
Survey and Bureau of Mines had completed studies on
more than one-third of the areas specified by the Act.
Most of the effort had been devoted to National Forest
Primitive Areas, of which work in the following 12
Primitive Areas had been completed and the reports
published as Survey bulletins : San Rafael, Calif.; Syca-
more ‘Canyon, Ariz.; Flat Tops, Colo.; Spanish Peaks,
Mont.; Mt. Jefferson, Oreg.; Stratified, Wyo.; Mount
Baldy, Ariz.; Pine Mountain, Ariz.; Devil Canyon,
Calif.; Ventana, Calif.; Desolation Valley, Calif.; and
High Uintas, Utah.

No mineral-survey bulletins were published during
the past year; however, field studies were active in the
following Primitive Areas: North Cascades, Wash.;
Uncompahgre, Colo.; Idaho, Idaho; San Juan—Rio
Grande, Colo.; Mission Mountains, Mont.; Emigrant
Basin, Calif.; Blue Range, Ariz.; and Black Range,
N. Mex. The work is aimed primarily at appraising the
mineral potential of the areas. It includes reconnais-
sance geologic mapping, and extensive sampling of bed-
rock units, stream sediments, and mineralized and non-
mineralized structures. From May 1965, when primitive
area work began, to January 1968, a total of 317,500
analytical determinations on 19,000 samples had been
made.

WILDLIFE REFUGES

The Geological Survey has made office reviews of pub-
lished and unpublished information on a number of
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National Wildlife Refuges that are being con-idered for
inclusion into the National Wilderness Preservation
System. These brief reports have been publiched in the
bulletin series of the Survey. Included are 21l or parts
of the following refuges: Alaska—Bering {'ea, Bogos-
lof, Forrester Island, Hazy Island, St. Lazaria, Semidi,
Simeonof, Tuxedni; Florida—Cedar Keys, Island Bay,
Pelican Island, Passage Key; Georgia—Okefenokee;
Maine—Moosehorn ; Massachusetts—Monomoy ; Mich-
igan—Huron Islands, Michigan Islands, Seney; New
Jersey—Great Swamp; New Mexico—Bitter Lake,
Bosque del Apache; Oklahoma—Wichita I Tountains;
Oregon—Hart Mountain, Malheur, Oregcn Islands,
Three Arch Rocks; Utah-Bear River; Washington—
Copalis, Flattery Rocks, Quillayute Needles: and Wis-
consin—Gravel Island, Green Bay.

MINERAL-RESOURCE APPRAISALS
NATIONAL COMPILATION

The Geological Survey in its continuing work of
examining the mineral resources of the Nation has pre-
pared numerous estimates of the availability of many
different kinds and classes of mineral raw materials.
The latest summary of these estimates is shown in table
1, with comparative world figures where aveilable. The
estimates provide basic information on the r-lative suf-
ficiency of domestic sources to fill the growing and
changing needs for minerals in our industrial economy.

Estimates of raw mineral materials are subject to
constant change, and reflect many degrees of certainty.
Technologic advancements create needs for new raw
materials and make it profitable to produce mineral
substances that may have been uneconomic previously.
Changes in demand, and resulting changes in price,
significantly affect the amounts of mineral materials
that may be produced economically at any given time.
The geologic characteristics of the individual commod-
ity have a direct bearing on material estimates. The vol-
ume of coal or phosphate in sedimentary rocks may be
estimated with a higher degree of certainty than a quan-
tity of metallic materials that may be distributed spo-
radically in vein deposits. On the other hand, higher
unit values of metallic materials have led to more ex-
tensive exploration of metallic deposits; thus there
frequently is more information available for those ma-
terials than for many nonmetallic substances of less
value. Most significant of all factors that concern the
degree of certainty of reserve and resourcs estimates
is the quality and quantity of informaticn available
on individual commodities.
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TABLE 1.—Esiimated reserves and resources of mineral raw materials

A13

Reserves ! Resources 2
Source of estimate if other
Commodity World than current USG®
United States (mcludmg United States _ (including appraisal
United States) United States)
Aluminum (bauxite) .. _____._____.________ million long tons__ 45 5, 800 300 9,600 U.S. Geol. Survey
(USGS) Bull. 1228
(1967).
Antimony (elemental) ____.___________ thousand short tons_. 50 2, 000 ®) ) ®.
Arsenic (AS;03) . - i do_.__ 2, 500 Large () (®) *.
Asbestos_ . ____. million short tons__ 10 Large ®) ®)
Barite e do____ 60 130 100 Q)]
Beryllium (equivalent beryl)____________ thousand long tons__ ® ® 61, 000 61,650
Bismuth__ L __.__ do___._ 15 25 ®) ®) ).
Borates (BoOs) - o million short tons__ 95 110 ®) ®)
Bromine__ . _ o ____._ Unlimited source in sea water.
Caleium and compounds—Ilime, cement, Very Vast ® ®)
and limestone_______________________________ short tons._  large.
Chlorine. _ _ o lia__ Unlimited source in sea water, brine, and
rock salt.
Chromite_ . _ - ______________________ million long tons_ _ 0 2, 000 78  Several
billion 7
Clay:
High alumina clays.________.__________ million short tons__ ©) ®) 3, 000 ®
Bentonite. .. _ . _____________________ e do-___ (3 ®) 1, 500 (3)
Fuller'searth . _____ ... do____ ®) 3 1, 500 (®)
Miscellaneous clays_ . - - . ___.____ do____ ® ®) Very large ®
Cobalt_ L _____ thousand short tons__ 50 2,200 (3 ® .
COPPET e e million short tons__ 86 210 65 ® U.S. Bur. Mines
(USBM) Inf. Circ.
8325 (1967).
Diamond—industrial and gem_._____________ million carats._ _ 0 ® 0 @
Fluorsparore 8_________________________ million short tons__ 10 85 22 170
Gold._ . million troy oz_._ 50 1, 000 9 400 ®)
Graphite. ______________________.____ thousand short tons. _ 25 ) 500 ©) US(IGQSé'%ull. 1082-E
Gypsum. . e ___ million short tons__ 50, 000 Q) Q) ® 4.
Helium_______ . ___ billion cu ft__ 154 ® 42 ® USBM Minerals
Yearbook, 1967.
Ironores.. _ ... billion long tons__ 108 250 110 500
Kyanite, sillimanite, and andalusite ore___million short tons__ i1 100 ®) Large ®) US3§iGS (ll)g%f(j) Papsr
Lead - oo do____ 35 83 15 ® USBM Inf. Circ.
8325 (1967).
Lithium . _ ol Large source in brine.
Magnesium and magnesium minerals:
Brines and sea water___________________________________ Unlimited source in sea, la,rge brine resources.
Dolomite_ - e Vast Vast ¢
Magnesite_ . _______________________ million short tons__ 65 8, 500 ®) ® US({S;\(;IS?\JH. 565
Brueite .- . ... do_._. 3 3 ® ® Do.
Manganese, ore 12 (metallurgical) . ________ million long tons__ 0 3, 800 1, 000 15, 000
Mereury ¥ ____ thousand 76-1b flasks_ _ 200 7, 000 750 15, 000
Mica:
Sheet_ . ____ thousand short tons__ 0 *) Small Large
Ground._ ... do____ ®) ® Large Very .
large
Molybdenum . ___ . ____________________ do____ 1, 500 2, 450 ®) @ *)-
Niekel o ___ do___._ 14 250 60,000 141,400 ®)
Niobium % (NbeOs) .- ____ do____ 125 9, 800 165 8, 600
Peat__ _ ... million short tons__ 100 Vast 20, 000 Vast
Phosphateroek________________________ million long tons__ 16 12, 000 48, 000 48, 000 ®)
Platinum group metals_ __________________ million troy oz__ 173 50 ® ®)
Potash (K2O) - __________ million short tons__ 1, 400 72, 000 5, 000 Vast
Rare earths (Re,O3) 8____ _ _ ____ ____ ________________ do____ 7 ©) ®) 3
Salt o _.__ trillion short tons_._ 19 60 Vast Unlimited ®) .
Silver20________________ e million troy oz__ 1, 400 5, 500 500 ® US(]fé\g_(_I)nf' Cire. 8325
Sulfur®__ . million short tons_._ ®) ®) 500 2, 000
Tale and pyrophyllite_ . ____________________________ do____ 89 @) Large ® US(IG{Ei 4]31111- 1167
Tantalum 2 (Ta,Os)_______________________.____ short tons_ _ 2,100 170, 000 ® 95, 000
Thorium (ThOy) . ________________.____ thousand short tons__ 0 82 215 1, 200
Tin®____ . thousand long tons__ 9 5, 600 43 11, 400
Titanium 2¢ (TiOg) _ _ . __________________ million short tons__ 100 500 @) Vast

See footnotes at end of table,
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TABLE 1.—Estimated reserves and resources of mineral raw materials—Continued

Reserves ! Resources 2

Source of estimate if other

Commodity World World than current USGS
United States (including United States  (including appraisal
United States) United States)
Tungsten_ _ . ___ _ . o _____ thousand short tons__ 2570 1, 500 200 ®
Uranium 26 (U30y) - - - - . do____ 210 742 675 2,700 TUSGS C)irc. 547
(1968).
Vanadium__ . _ . ___ e 200 4, 600 1, 300 20, 000
ZiNCe oo ___ million short tons__ 29 100 60 ®)
Zirconium #* (as zireon) .. . __________________ do____ 6 30 ®) ®)
Hydrocarbon mineral fuels—bituminous
rock (tar sands, and so forth)___________billion 42-gal bbl__ @) (3) 2.5-5.5 ® USBM I)VIon. 12
(1967).
Coal 28;
Anthracite (>14-inch beds) _____________ billion tons______ (3) ®) 13 United States data
Bituminous (___.do____)_____. _____ ______._______ do____ ® () 670 4, 258 from USGS Bull.
Subbituminous (>30-inch beds)___________________ do____ ®) ®) 430 1275 (in press),
Lignite (____do___ ) o ____ do____ ® ® 450 856 USGS Bull. 1136
(1961).
Oil shale:
25-100 gal per ton_ _ . _________.____ billion 42-gal bbl__ (3) ®) 29 600 30910 US(GQS C)irc. 523
19657).
10-25 gal per ton_ _ ... do___._ ® ® 1, 600 2, 400
Petr?leum o bill 42-gal bbl 31 416 R dat
Ol __ o ____ illion 42-ga - esource data:
Natural gas biquids.__ . _________________________ do____ 9} 408 65 2,385 H%g% Cire. 522
Natural gas___ . _____ trillion ecu ft_._ 293 1, 185 2,174 32 15,454 Reservé (ia.ta.: Am.

Petroleum Inst.;
Am. Gas Assoc.;
and Canadian Pe-
trole'un Assoc.,
Monthly Rept. v.
22 (1968).

1 Reserves are known materials that may or may not be completely explored, but
that may be quantitatively estimated; considered to be economically exploitable at
the time of the estimate.

2 Resources are materials other than reserves that may ultimately be exploitable;
they include undiscovered but geologically predictable deposits of materials similar
to present reserves as well as known deposits of materials whose exploitation awaits
more favorable economic or technologic conditions.

3 Data not available.

1 Statement hy T. B. Nolan, U.S. Geological Survey, in ‘‘State of the Mineral
Industry,” Hearings before the Subcommittee on Mining, Minerals and Fuels of the
Committee on Interior and Insular Affairs, U.S. Senate, 88th Congress, 1st Session:
May 9, 1963. His estimates are cited as reserves only,

s Expressed in BaSO, content of barite rock.

8 Includes deposits containing at least 1 percent equivalent beryl (0.1 percent BeO).

7 Includes deposits containing from 33 to 50 percent Cr:0; and available as shipping
ores or concentrates at 3 to 6 times current price.

8 Contains at least 35 percent CaF; or equivalent value in combined fluorspar and
metallic sulfides.

9 U.8. Bureau of Mines Information Circular 8331.

10 Estimated as iron ore comparable to that mined in recent years.

11 Southeastern United States only.

12 Reserves range from 30 to 50 percent Mn content; resources from 5 to 50 percent
Mn.

13 Reserves contain at least 21b of Hg per ton, resources based on at least 11b of Hg
per ton.

4 United States reserves based on 1.5 percent average Ni content of lateritic de-
posits; United States resources based on 0.25 percent average Ni content of lateritic
deposits and 0.75 percent average Ni content in sulfide deposits.

UgSBI.fserves hased on at Jeast 0.20 percent Nb2Os. World estimate does not include

16 Includes, in western United States, material averaging at least 24 percent P;Os,
and not more than 100 feet below entry level. Some of this material would not be min-
able at current prices.

17 Includes platinum, palladium, indium, rhodium, rutheni*m, and osmium.
United States reserves are almost entirely in copper ores.

18 Excludes large but unknown resources in USSR.

® Many deposits would be commereial only near industrial centers. Unlimited
resources in sea water and brine.

20 Reserves and resources largely are those associated with corner, lead, and zinc
ores. Estimates include only non-Communist countries.

2t Includes only elemental sulfur deposits, and sulfur content in natural gas and
petroleum and smelter byproduct. Does not include sulfur contained in coal, oil
shale, anhydrite-gypsum, and other sources.

22 World estimates do not include USSR; much of world reserve estimate is for tan-
talum contained in pyrochlore and may not be recoverable.

2 Reserves based on material minable at $1.37 per pound; resources based on mate-
rials minable at $3.00 per pound.

24 Unpublished U.S. Bureau of Mines estimate. World titanium reserves include
9 million tons of rutile in placers containing at least 0.5 percent rutile and the balance
in ilmenite content of beach deposits with at least 1.4 percent TiQ: content, in sapro-
lite deposits with about 7 percent TiO; content, and in anorthosite deposits contain-
ing 20 percent TiO3.

25 United States reserves based on at least 0.3 percent WQs3 content.

26 Reserves based on price of $5 to $10 per pound UsOs; resources based on price of
$5 to $15 per pound U30s.

27 Unpublished U.S. Bureau of Mines sources.

28 Resources within 3,000 feet of the surface. Includes significent reserves of coal.

2 Includes 80 billion bbl, probably recoverable under present conditions, and
additional 520 billion bbl, available at higher prices or with imoroved technology.

30 Includes 190 billion bbl, recoverable under present conditions; some sources con-
tain as Jittle as 10 gal per ton.

31 Estimates represent resources as of December 1967. World reserve and resource
data on oil and natural gas are combined.

32 Ingludes cumulative gas production outside the United States.
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An appraisal of the iron-ore resources of the United
States, prepared by Harry Klemic ** for inclusion in a
United Nations survey of the world’s iron-ore resources,
describes the distribution of some 110 billion tons of ma-
terials including both reserves and potential ores. Of
this amount, 76 billion tons is in the Lake Superior
region and the remainder is widely distributed through
the rest of the country. Increasing use by the iron and
steel industry of higher grade natural ores from abroad
and pelletized concentrates made from low-grade taco-
nite ores in the United States indicates that medium-
grade materials not amenable to beneficiation are be-
coming noncompetitive, hence are being relegated to the
status of potential resources, rather than being con-
sidered as reserves. This shift in use patterns of raw
materials underscores the need for more precise data on
the grade and mineralogical composition of iron-bearing
materials in order to make adequate resource appraisals.

The dominant role played by organic fuels in pre-
viding energy for our industrial economy requires de-
tailed current knowledge of our fuel resources. A new
compilation of coal resources by Paul Averitt ** shows
that remaining resources include about 13 billion tons
of anthracite and 670 billion tons of bituminous coal,
each in beds 14 inches or more in thickness within 3,000
feet of the surface. Similarly, about 430 billion tons of
subbituminous coal and 450 billion tons of lignite in
beds at least 30 inches thick occur within the same depth
limitations. Under present conditions, about half these
remaining resources can be considered recoverable. In a
related study, Averitt (r1108) estimates that 108 billion
tons of the Nation's coal resources are less than 100 feet
below the surface and are potentially recoverable by
open-pit mining techniques. Removal of this tonnage,
which is about 700 times larger than strip-coal produc-
tion in 1965, would require turning over earth in an
aggregate area ahout the size of the State of Ohio. Dis-
turbing the surface of so large an area will obviously re-
quire development of plans to restore and utilize such
strip-mined lands.

12 Harry Klemic, in press, Iron ore resources of the United States of
America, Puerto Rico, Mexico, and Central America, in Survey of World

Iron Ore Resources: United Nations Dept. of Economic and Social
Affairs, (currently being edited at the United Nations).

14 Paul Averitt, in press, Coal resources of the United States—a
progress report, Jan. 1, 1967 : U.S., Geol. Survey Bull. 1275.
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AREAL COMPILATIONS

In addition to the preparation of reserve and resonrce
appraisals of the many mineral commodities on a na-
tional or worldwide basis, mineral-resource appraisals
of many areas have been prepared during the past year.
Knowledge of potential mineral resources is most use-
ful to the public if it is readily available in summary
form. Detailed geologic reports on many specific areas
provide descriptions of mineral resources and also give
suggestions to aid in locating and developing additional
resources. Summary reports on larger regions provide
information compiled from a variety of more deteiled
studies, which may provide regional clues to areas of
highest mineral-resource potential. Regional summeries
of the mineral resources of Arizona and Oregon are
under preparation in collaboration with the Arizona
Bureau of Mines and the Oregon Department of Geol-
ogy and Mineral Industries and other State and Fed-
eral agencies.

A résumé of the known mineral resources of the ('2lo-
rado River region, centered around southwestern ('lo-
rado, has been prepared as a guide for Federal and £ “ate
agencies concerned with planning the best use, or com-
bination of uses, of water and related land resources
to meet both short- and long-term needs.

GEOLOGICAL, GEOPHYSICAL, AND
MINERAL-RESOURCE STUDIES

Geologic mapping and topical investigations are car-
ried out in many parts of the country in order to: (1)
Establish the geologic framework necessary to assess
the mineral-resource potential of areas favorable for
occurrence of economic deposits; (2) locate favornble
target areas that will attract further exploration and de-
velopment by private industry; (3) investigate funda-
mental geologic processes that control formation and
distribution of different types of mineral deposits in
various geologic environments; and (4) gather and in-
terpret basic geologic data, including structural ir for-
mation, age, character, thickness, and relationshiys of
rock bodies, needed for a host of applications involving
land resources, construction activities, and mineral-
resource development. Results of these investigations
are summarized in this section according to the sub-
divisions of the conterminous United States show™ on
figure 1.
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Fi6vre 1.—Index map of the conterminous United States, showing boundaries of regions referred to in the discussion of
geological, geophysical, and mineral-resource studies.

NEW ENGLAND
STRATIGRAPHIC AND STRUCTURAL STUDIES

Northeastern Connecticut

The rocks of the Eastford and Westford quadrangles,
mapped by M. H. Pease, Jr., and J. D. Peper, consist
mostly of interbedded metavolcanic and metasedimen-
tary gmeisses and schists. A graphite-rich schist is
continuous with formerly mined graphite deposits at
Sturbridge, Mass. The locally abundant pegmatites are
believed to have been formed by injection rather than
anatexis, because potassium feldspar is commonly con-
centrated in and near them and the foliation is warped
around them. Small-scale folds are particularly common
in some lithologic types, but there is no evidence of
large-scale folding, and these rocks appear to be a west-
northwest-dipping homoclinal sequence. North-north-
west-trending faults with apparent displacement of
generally less than 500 feet are cut off in places by
north-northeast-trending faults of uncertain but large
displacement. Detailed study of small thrust-fault zones

indicates that shearing directed east-south=ast was a
regional event contemporaneous with emplacement of
dikes and sills of binary granite and was later than the
peak of metamorphism.

Western Massachusetts

Mapping in the Worthington quadrang's by N. L.
Hatch, Jr., and the Chester quadrangle by Hatch and
S. A. Norton has revealed that isoclinal folds are
dominant in the post-Taconic rocks. Although the rocks
are in the staurolite-kyanite zone of regonal meta-
morphism, sedimentary structures, particularly graded
bedding and crossbedding, are abundant ard well pre-
served. The map pattern of repeated long, rarrow belts
of relatively thin units is compatible with the fold sys-
tem indicated by the sedimentary structures. These folds
have subvertical axial surfaces, horizontal or gently
plunging axes, wavelengths of 300 to 2,000 feet, depend-
ing on the competence of the rocks involved, and am-
plitudes of about 7,000 feet. Two subsequent episodes of
folding produced widespread minor folds and slip
cleavage, but no mappable folds.



GEOLOGICAL, GEOPHYSICAL, AND MINERAL-RESOURCE STUDIES A17

Devonian island arc in Maine

A belt of Lower Devonian felsic volcanic rocks in
north-central Maine, including those of Mt. Kineo and
Traveler Mountain, has been studied by D. W. Rankin.
Differences among rhyolites indicate at least five vol-
canic centers. Although the belt is in a geosyncline, at
least the welded tuffs were deposited subaerially or in
very shallow water. Paleontologic work by A. J. Boucot
shows that sandstones underlying the rhyolites are
characterized by shallower water faunas than are the
more pelitic rocks (Seboomook Formation) on either
side of the belt. Thus, the volcanic centers lay along a
high-standing welt (the island arc) in Early Devonian
time that subsequently became the locus of further
marine sedimentation, and finally the formation of syn-
clinoria during the Acadian orogeny.

Regional gravity study, Maine

An analysis of regional gravity in Maine by M. F.
Kane has led to the following conclusions:

(1) Regional gravity variations have their source, at
least in part, in the upper part of the crust; (2) large
local gravity anomalies are due to igneous plutons; (3)
at depth, the lateral dimensions of some felsic intru-
sions are very great compared to their outcrop area and
vertical dimensions; and (4) in the southwest corner of
the State, a regional gravity anomaly correlates with
high-grade regional metamorphism, indicating that the
metamorphism has had a marked effect on rock
densities.

STUDIES OF GRANITIC ROCKS

Diorite and pegmatite in western Massachusetts

A hitherto undescribed body of diorite and horn-
blende-plagioclase pegmatite has been discovered by
R. W. Schnabel in the West Granville quadrangle. The
body, about 3 miles long, is intrusive into high-grade
schists, granulites, and gneisses of Cambrian and Or-
dovician age. The effects of the intrusion on the country
rock appear to be mainly chloritization of micas and
introduction of sulfides in a zone 20 feet thick.

Differentiation of granitic plutons, northwestern Maine
Mapping by D. S. Harwood in the eastern part of the
Arnold Pond quadrangle has shown that the Spider
Lake and Sevens Ponds granitic plutons are one major
body that ranges from granodiorite to quartz monzonite.
A change in the color of biotite from dark green in
the granodiorite to red brown in the quartz monzonite
is associated with an apparent slight increase in the
amount of magnetite. The gradational change in texture
and composition from granodiorite to quartz monzonite
apparently reflects a continuous differentation trend.

STUDIES OF ORE DEPOSITS

Emery deposits, western Massachusetts

The Chester emery deposits in the Chester quadrangle
apparently are metamorphosed aluminous laterite, ac-
cording to S. A. Norton. The deposits are restricted to
the upper part of the Chester Amphibolite Member of
the Rowe Schist and occur discontinuously for a dis-
tance of 5 miles along strike. The original laterite ap-
parently developed on the volcanic protolith of the
Chester Amphibolite Member. Neither the Chester Mem-
ber nor the magnetic anomalies associated with the
emery extend outside the Chester quadrangle. It is be-
lieved that appreciable reserves of emery or iron ore do
not exist north or south of the present prospects and
mines, but may be present at depth.

Sulfide mineralization, nottheastern Connecticut

D. S. Harwood has discovered that the number of
joints increases westward in the Oneco quadrangle to-
ward the Honey Hill thrust. A molybdenite occurrence
on a joint surface and mercury and silver anomalies in
quartz from a fault zone indicate that this area was
favorable for sulfide deposition, and may be a target of
economic significance.

PLEISTOCENE GEOLOGY

Richmond boulder train, southwestern Massachuse‘ts

Restudy of the Richmond boulder train by G. W.
Holmes indicates that the boulders are confined to a
relatively narrow band, typically 300 feet wide. Con-
centration of the largest boulders in a narrow band is
difficult to explain other than by assuming that ice
movement was remarkably linear, the source was unique
or nearly so, or the train represented a minor medial
moraine. The train’s path responds in detail to topog-
raphy, and the mean maximum boulder size decreases
irregularly downglacier. Small amphibolite boulders
are found in streams crossing the main train and are
widely scattered in the drift to the south and southeast;
hence, earlier glaciations must have distributed the
amphibolite more or less randomly downglacier from its
source or sources.

Two tills recognized in Connecticut

Mapping of glacial geology.in the Southbury-Water-
bury area, west-central Connecticut, by Fred Pessl, Jr.,
and J. P. Schafer has identified the two tills previcusly
recognized elsewhere in southern New England. The
lower till is moderately to very compact and jointed and
is more than 100 feet thick in some drumlins. The upper
till is much less compact, not jointed, and contains less
silt and clay and more stones than the lower till; in
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very few places is it more than 10 feet thick. The two
tills are somewhat different in fabric orientation, suit-
ability for fill, and stability on slopes. Five till fabrics
that were obtained by Pessl from a 32-foot thickness
of the upper till near Torrington indicate a possible
shift in ice-flow direction from north-northwest to
northeast during the late stages of deposition of this till.

History of glacial Lake Nashua, New Hampshire and
Massachusetts

Detailed mapping by Carl Kotef! in the Pepperell and
Tyngsboro quadrangles, southern New Hampshire and
adjacent Massachusetts, has shown that glacial Lake
Nashua did not extend up the Nissitissit River valley as
previously thought. Instead that valley was occupied by
a separate lake, with an outlet about 20 feet higher than
Lake Nashua. Deposits mapped in the main part of the
Nashua River valley show a steplike lowering of glacial
Lake Nashua, until it reached the level of glacial Lake
Merrimack to the east.

Lateritic blanket on New England

According to C. A. Kaye, existence of a widespread
lateritic blanket on New England in Tertiary time is
indicated by (1) pieces of bauxite in Pleistocene till on
Martha’s Vineyard, (2) deep and complete alteration
of bedrock to kaolinite and siderite in the Boston area,
and (3) large pieces of ferruginous bauxite in weathered
serpentinite from Staten Island, N.Y. The data suggest
that weathering to depths of 500 feet or more below the
Tertiary surface, including many scattered bauxite
deposits, must have characterized southern New Eng-
land before the ice age.

COASTAL PLAINS

STRATIGRAPHIC STUDIES OF TERTIARY ROCKS

In a regional study of the Miocene rocks of the At-
lantic Coastal Plain by T. G. Gibson, foraminiferal
zonation has been used to outline specific paleoenviron-
ments in order to delineate migrating depositional
basins. In a detailed palecenvironmental analysis of one
of these basins in North Carolina, the physiochemical
and geographic conditions which led to the precipitation
of large volumes of phosphorite in the Pungo River
Formation were evaluated. Foraminiferal data indicate
that the precipitation of phosphorite in the deeper parts
of the basin at depths of 100 to 200 m during mixing of
water masses was coincident with structurally static
periods.

J. P. Owens has examined the position of the carbon-
ate-facies—clastic-facies contact in the Atlantic Coastal
Plain as a possible key to the history of tectonic activity
in the sourceland. The middle Tertiary (Oligocene) was
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shown to be the time of greatest structural stability, and
the Early Cretaceous and late Tertiary to Quaternary
were the times of greatest structural disturbance in the
sourcelands.

Stratigraphic relationships of the lower Tertiary
Brightseat and Aquia Formations of Maryland to the
better known Hornerstown and Vincentcwn Forma-
tions of New Jersey have been determined by J. E. Hazel
mainly on the basis of ostracode zonation. The Bright-
seat Formation was previously assumed to be a time
equivalent of the Hornerstown, but Hazel’s study shows
that it is older and is equivalent to beds fcund only in
the subsurface in New Jersey. The Brightseat, there-
fore, is the oldest outcropping Paleocene formation in
the northern Atlantic Coastal Plain.

STRATIGRAPHIC STUDIES OF MESOZOIC ROCKS

H. R. Bergquist reports that the Upper Cretaceous
beds (Blufftown, Ripley, and Providence ["ormations)
north of Eufala, Ala., have yielded planltonic Fora-
minifera which indicate an age range from Campanian
through mid-Maestrichtian. That the Blufftown Forma-
tion may be no older than Campanian is indicated by
the presence of Heterohelix pulchra (Brotzen), a species
which has a restricted range from early Taylor (Cam-
panian) through early Navarro (Maestricl*ian) in the
western gulf coast. Heteroheliz pulchra vas found as
low as 10 feet above the transition zone between the
Eutaw Formation and the overlying Bluf*town.

Studies by K. A. Dickinson suggest that degree of
crystallinity in clay minerals in Upper Jurassic rocks
of the Gulf Coastal Plain is related to rock type and to
environment of deposition. Chlorite, kaolinite, and illite
in the sandstone are more crystalline than those in mud-
stone or shale interbeds, and illite in evaporitic mud-
stone is more crystalline than that in nonmarine mud-
stone or marine shale. These differences in crystallinity
may be due to derivation from different source areas. It
seems likely that higher crystallinity of clay minerals
in the sandstone is due to the large size of the clay
particles. The higher crystallinity in the eve poritic mud-
stone may be related to abundance of cations in the brine.

APPALACHIAN HIGHLAND=<

ADIRONDACK, VALLEY AND RIDGE, AND APPALACHIAN
PLATEAUS PROVINCES

Paleozoic paleoenvironment studies

A paleocurrent study of the Cambrian Potsdam
Sandstone in northern New York by D. A. Seeland indi-
cates that the sandstone in the northeasterr Adirondack
Mountains was derived from the Canadian Shield,
whereas that in the northwestern Adirondacks had an
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easterly or southeasterly source. Fossil deposits of
placer gold derived from the Canadian Shield are there-
fore most likely to be found in the Potsdam in the north-
eastern Adirondacks.

Recognition of key stratigraphic units in the Lower
Ordovician part of the Knox Group in eastern Tennes-
see and parts of southwest Virginia has led to a better
understanding of regional paleostructure and the
paleophysiography developed on the Knox during the
Middle Ordovician erosion interval. Analysis of the
paleophysiography by L. D. Harris, Helmuth Wedow,
Jr., and R. A. Laurence has suggested that a paleo-
aquifer had developed in the upper part of the Knox.
Solution of carbonate by ground water in this aquifer
system is thought to have produced stratigraphically
controlled collapse structures in which later mineraliz-
ing solutions deposited commercial zinc ore.

Helmuth Wedow, Jr., reports that near Douglas Dam.
Sevier County, Tenn., sphalerite containing as much as
2 percent Cd occurs in carbonaceous phosphatic
dolomite that constitutes breccia matrix and fill in solu-
tion cavities and channels of the paleokarst terrain
developed on the Knox Dolomite. A few feet strati-
graphically above the phosphatic dolomite, highly fos-
siliferous pyritic limestone of Middle Ordovician age
is peppered with small phosphatic pellets and grains,
and the basal 10 feet of the overlying Athens Shale con-
tains beds and lenses of lumpy or laminated black phos-
phorite locally as much as 1 foot thick.

Detailed mapping in Greene County in southwestern
Pennsylvania shows that the roof rock of the Sewickley
coal bed in the Monongahela Group is a tongue of sand-
stone and shale that thickens toward the south and
east. An immediately overlying limestone unit thins
rapidly in the same directions. B. H. Kent suggests that
differential compaction produced an initial dip and that
the location of minor low-angle thrust faults may have
been controlled by the abrupt facies change. The thrust
faults have displacements of less than 5 feet and dip
southeast, toward the axis of the Fayette anticline.

Talc deposit in the Adirondack Mountains, northeastern
New York

A new tale-tremolite-anthophyllite deposit was found
by C. E. Brown in the Richville quadrangle, in the
northwest part of the Adirondacks. The southern end
of this deposit is poorly exposed over an outcrop as
much as 100 feet wide and about 1 mile long. It plunges
gently northward beneath a sequence of gneiss, schist,
and quartzite; then the plunge reverses, bringing the
talc-bearing zone to the surface again 3 miles to the
north. Because of the gentle plunges and low dips in
this area, the talc zone should be at a depth of no more
than 1,500 feet between the 2 outcrop areas.
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Glacial geology, northeastern Adirondack Mountains

Broad areas of bare bedrock and abandoned glacial
spillways are characteristic of the northeast end of the
Adirondack upland near the Canadian border in north-
ern New York. According to C. S. Denny these features
record the easterly flow of water from glacial Lake
Iroquois in the St. Lawrence Valley around the north-
east end of the Adirondacks into the Champlain Valley.
The largest area of bare rock, Flat Rock near Altone,
N.Y., is 2 miles wide and 5 miles long. It was washed
clean by the easterly outflow of an arm of Lake Iroquois
that had been dammed by an ice lobe in the Champlain
Valley. The edge of this lobe is marked by a moreine
that is traceable for about 15 miles. Other areas of kare
rock were washed by outflow of small ice-dammed lakes.
These lakes were fed by water that flowed from Lake
Iroquois by way of the glacial spillway near Covey Eill,
Quebec, Canada. Later, for a very brief time, Lake ITro-
quois may have drained around the north end of the
upland, with the outlet stream having been held up on
this northward-facing slope by the ice sheet. Immedi-
ately thereafter Lake Iroquois became confluent with
glacial Lake Vermont at the Fort Ann level.

Tectonic analysis of Pine Mountain and related falts

Regional analysis of the anatomy of the Pine Moun-
tain thrust plate in Tennessee, Kentucky, and Virginia
by L. D. Harris reveals the complexity of thin-skinned
tectonics in the southern Appalachians. Thrust faults
develop along the plane of bedding in nearly flat lying
deep-seated incompetent units, and then shear upward
diagonally across more competent beds either to the sur-
face or to another incompetent unit. These diagcnal
shears develop both parallel (as ramps) and perpendic-
ular (as transverse faults) to the strike of the thrst.
Ramp and transverse faults play a dual role in the
mechanics of thin-skinned deformation. If they cut to
the surface they serve to bound the thrust plate. If they
are confined to specific stratigraphic intervals they act
as connecting links between segments of the thrust at
different stratigraphic positions. Apparently the Jacks-
boro transverse fault at the southwest end of the F'ne
Mountain plate, rather than limiting the Pine Mountain
thrust, is a connecting link between that fault and the
Chattanooga thrust fault. Thus, the Pine Mountain—
Chattanooga thrust forms a fault system extending
from southern Virginia to Georgia, a distance of 300
miles.

Tectonic framework of Anthracite region
Northwestward-directed stresses of the late Paleoroic
Appalachian orogeny were largely responsible for the
development of the tectonic framework of the Antltra-
cite region of eastern Pennsylvania. Structural analysis
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by G. H. Wood, Jr., and M. J. Bergin shows that tec-
tonic development was controlled by five lithotectonic
units of Silurian to Pennsylvanian age. This control has
resulted in each lithotectonic unit developing a suite of
structural features which decreases in complexity
northwestward. Rocks of the lower, middle, and upper
lithotectonic units transmitted deforming stresses nerth-
westward as struts whose relative competence ranged
from moderate to great. The rocks of the intervening
lithotectonic units functioned as ductile, intensively de-
formed blankets. The more competent units character-
istically folded into concentric, symmetric to asymmet-
ric anticlines and synclines broken variably by low- to
high-angle thrust faults, whereas the less competent
units developed disharmonic folds, décollements, low-
angle thrusts, and bedding faults and commonly sepa-
rate discordant folds in the more competent units.

Fracture traces in folded sedimentary rocks

In areas of horizontally bedded sedimentary rocks,
the trend of joint and fracture traces commonly is very
similar. Significant departures of trends have been ob-
served, however, in a few areas of folded rocks. A study
by H. E. Johnston of strongly folded rocks in the Loys-
ville quadrangle in south-central Pennsylvania shows
that a marked disparity exists between the major
fracture-trace trend and the two dominant joint trends.
Joints trend preferentially N. 20°-40° W. and N. 50°-
60° E. Fracture traces trend dominantly N 0°-10° E. A
less pronounced trend of fracture traces coincides with
that of the northwest joint set. Joints oriented parallel
to the major fracture-trace set are sparse, indicating
that relative abundance of joints is not necessarily a
controlling factor in the development of fracture traces.
Selective development of fracture traces along widely
spaced but well-developed vertical joints is a possible
explanation of the dominant northerly trend of these
linear features.

TACONIC BELT AND READING PRONG

Origin of Taconic allochthon

The Taconic allochthon in eastern New York is one of
several far-traveled composite-thrust slices of Cambrian
and Lower Ordovician eugeosynclinal rocks that have
moved westward across miogeosynclinal rocks of similar
age in the northern and central Appalachians. These
masses are believed to be submarine gravity slides that
took place in Middle Ordovician time. Studies by E-an
Zen show that these slides probably occurred as a result
of reversals of submarine topography. The slides now
occupy deep Bouguer gravity troughs while their source
areas lie on the axis of a sharp gravity ridge. Zen sug-
gests that deep-seated transfer of material led to the
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relative topographic reversal and left its evidence in
the gravity relations. Events that may be related to
the gravity slides include the emplacement of ultra-
mafic rocks and the extrusion of mafic volcanic rocks
just east of the area of detachment of the allochthonous
sheets.

A body of altered basaltic pillow lava, at Starks Knob,
about 35 miles north of Albany, N.Y., is probably an
allochthonous block in the wildflysch conglomerate that
occurs at or near the base of the Taconic allochthon.
The knob has previously been interpreted as a volcanic
neck. Petrographic studies by Zen indicate that the
basalt had a submarine palagonitic origin. It was ini-
tially spilitized and later partly replaced by calcite.
The rock is not indigenous to the area, but must have
arrived there after metamorphism and me*asomatism.

Drilling of Reading prong

Diamond drilling near Riegelsville in eastern Penn-
sylvania has confirmed A. A. Drake, Jr.’s, interpreta-
tion that the Precambrian rocks of the Reading prong
in the Delaware Valley are allochthonous and overlie
inverted lower Paleozoic rocks, probably as part of a
giant nappe. Another hole drilled in the Birdsboro quad-
rangle near the southwest end of the prong cut only
Precambrian rocks to a depth of 1,000 feet. This does
not prove, however, that such rocks are autochthonous
there, because aeromagnetic data and regional relations
suggest that as much as 3,000 feet of Precambrian rocks
is preserved in a synform and that the lower Paleozoic
rocks of the Oley Valley are in thrust contact with the
gneisses.

BLUE RIDGE AND PIEDMONT

Tectonic development

Studies of upper Precambrian sedimentsry and vol-
canic rocks in the Blue Ridge in northwe-tern North
Carolina and southwestern Virginia by D. W. Rankin
suggest that the late Precambrian shorelin~ lay to the
northwest and that the sequence thickens rapidly south-
eastward. These relations, plus the distribution of Pale-
ozoic metamorphic isogrades, indicate abcut 20 miles
of northwestward transport of the Blue Pidge thrust
sheet in northwestern North Carolina. They also indi-
cate that the thrust sheets of Lower Cambrian rocks
in the Unaka belt northwest of the Blue Ridge could
not have been derived from southeast of the Blue Ridge.

Tectonics of Brevard zone

G. H. Espenshade has found that northeast of Elkin
in Yadkin County, N.C., the faults of the Bvevard zone
pass northeastward into a system of diverging faults
which he calls the Yadkin fault system. The nature
and ages of these faults are not yet clear. Some have



GEOLOGICAL, GEOPHYSICAL, AND MINERAL-RESOURCE STUDIES

great linear extent and are marked by brecciated rock
and silicified gouge. Some of these faults probably were
active as late as the Triassic, but others ceased activity
in the Paleozoic. Movement along the faults apparently
had both horizontal and vertical components.

The relationship of the Blue Ridge thrust sheet and
the Brevard zone in the Grandfather Mountain, N.C.,
area, has been reexamined by J. C. Reed, Jr., Bruce
Bryant, and W. B. Myers. The lineation pattern
suggests that the Blue Ridge thrust sheet is rooted along
the northwestern edge of the Brevard zone and that
northwestward movement of the thrust sheet was con-
current with and directly related to left-lateral strike-
slip movement along the Brevard. This is in accord with
the interpretation that the Brevard is a root zone, as
recently suggested by Burchfiel and Livingston.?®

J. B. Hadley and A. E. Nelson have found that much
of the metamorphic rock southeast of the Brevard zone
in southwestern North Carolina and northwestern South
Carolina is paragneiss representing a thick sequence.
that is of clastic and volcaniclastic origin, felsic to mafic
in composition, and contains a number of thin units of
quartz- and alumina-rich metasedimentary rocks. The
rocks are metamorphosed to sillimanite grade and are
injected by many small bodies of granitic rocks that ap-
pear to have resulted from local palingenesis. The closest
regional analogs of the paragneisses seem to be (1) the
upper Precambrian volcanic and epiclastic gneisses of
the Spruce Pine area and (2) the lower Paleozoic vol-
canic and metasedimentary rocks of the Carolina slate
belt. However, it is not known whether either of the lat-
ter groups of rocks (1 and 2) truly correlates with the
metamorphic rocks southeast of the Brevard zone.

Three formations recognized

D. W. Rankin finds that igneous rocks in the Blue
Ridge of northwestern North Carolina and south-
western Virginia can be divided into three formations
on the basis of their geologic occurrence, petrography,
and chemistry. These are the Cranberry Gneiss (middle
Precambrian), Mount Rogers Formation (late Precam-
brian), and Spruce Pine Alaskite of Hunter and Mat-
tocks (1936)*¢ (Paleozoic). Chemical differences be-
tween the formations can be related to Al,O; saturation,
and this, in turn, can be related to orogenic environment
for at least two of the formations.

The orogenic environment of the Cranberry is the
least understood but emplacement was probably during
an orogenic event related to the Grenville orogeny.

15 B. C. Burchfiel, and J. L. Livingston, 1967, Brevard zone compared
to alpine root zones: Am. Jour. Science, v. 265, p. 241-256.

16 C. E. Hunter and P. W. Mattocks, 1936, Geology and kaolin deposits
of Spruce Pine and Linville Falls quadrangles, North Carolina : Tennes-
see Valley Authority, Div. Geology Bull. 4, p. 10-23.
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After emplacement these rocks were not strongly m-ta-
morphosed or deformed in Precambrian time. The
Mount Rogers and Spruce Pine differ markedly. ol-
canic rocks of the former are near the base of a strati-
graphic section that remained undeformed from late
Precambrian to Middle Ordovician time. These rocks
are an example of nonorogenic rocks with peralkaline
affinities in which felsic units may have been derived by
partial melting of mafic rocks in the deep crust. The
Spruce Pine is an orogenic unit in which granitic mag-
mas were probably generated by partial melting of
peraluminous sediments during the middle Paleozoic
metamorphism.

Linear discontinuity in magnetic pattern revealed

Geologic mapping in the Quantico and Occoquan 714-
minute quadrangles, eastern Virginia, by D. L. South-
wick and V. M. Seiders has revealed that a pronour-ed
linear discontinuity in magnetic pattern (J. C. Reed, Jr.,
and others, r2176) correlates with the contact between
boulder gneiss lithofacies of the Wissahickon Forma-
tion of late Precambrian age(?) on the northwest and
low-grade metavolcanie rocks stratigraphically beneath
the Quantico Slate of Ordovician age on the southeast.
Further study is required to determine the nature of this
contact, which is fundamental to understanding the
stratigraphy and structure of the northeast Virginia
piedmont.

Lithologic and structural relations in Maryland piedmont

Stratigraphic and structural relations in the lTew
Windsor quadrangle, northern Maryland, bear critic~1ly
on the relations between the Glenarm Series of the
Maryland piedmont and the rocks of the folded Ap»a-
lachians. Lithologic similarity suggests that the mata-
morphosed volcanic rocks of the New Windsor area are
equivalent to the upper Precambrian Catoctin Forma-
tion of the Blue Ridge province. It is therefore impor-
tant to establish the stratigraphic relationship between
the metavolcanic rocks and the rocks of the Glensrm
Series. Preliminary structural studies by G. W. Ficher
suggest that large-scale, mappable recumbent folds are
present in these volcanic rocks, and prove that the direc-
tion of tectonic transport was nearly vertical, and
almost parallel to fold axes, rather than horizontal, as
suggested by previous workers. ‘

The Hunting Hill peridotite body of probable Ordo-
vician age intrudes schist of the Wissahickon Forma-
tion near Rockville, Montgomery County, Md. Detailed
study of the body by D. M. Larrabee (p. D195-D196)
shows that the peridotite was invaded by many dikes of
gabbro. During serpentinization of the peridotite the
gabbro was metasomatised to rodingite, a rock compcsed

17 See note opposite page Al for explanation of reference notatiors.
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principally of diopside, grossularite, zoisite, and hydro-
grossularite. This is believed to be the first occurrence
of rodingite reported between Alabama and New
Jersey.

Small gold deposits near Great Falls, Montgomery
County, Md., occur in veins and shear zones cutting the
Wissahickon Formation. J. C. Reed, Jr.,and J. C. Reed,
Sr., have found that mineralization was controlled by
a series of anastomosing faults that trend a few degrees
west of north, at a low angle to the regional structural
grain. The faults and the gold mineralization may be
as young as Triassic. If so, similar deposits elsewhere
in the piedmont may be much younger than has gen-
erally been supposed. (See also “Geology of Gold
Deposits in Eastern States” in section “Special and
Topical Mineral-Resource Programs.”)

CENTRAL REGION AND GREAT PLAINS
PRECAMBRIAN ROCKS OF LAKE SUPERIOR REGION

Keweenawan paleomagnetic pole positions

Studies of directions of remanent magnetization in
igneous rocks of Keweenawan age in the Lake Superior
area by M. E. Beck, Jr., and K. G. Books show that
those units with normal (#) polarity form a tight
cluster of paleomagnetic pole positions, whereas units
with reverse (£) polarity have pole positions which
tend to be scattered north and west of the & cluster.
In general, 2 units appear to be older than / units;
no unequivocal example of the opposite age relation-
ship is known. It is not known whether this contrast
in dispersion between N and R poles represents a real
feature of the Keweenawan magnetic field, or whether
it indicates simply that older R units accumulated
during a longer period of time than was required for
the accumulation of the & units.

Composite sill in Portage Lake Lava Series

Mapping by R. F. Johnson in the Matchwood quad-
rangle, Ontonagon County, in Michigan’s Upper Penin-
sula has disclosed the presence of a composite sill-like
intrusion within the Portage Lake Lava Series of middle
Keweenawan age. The intrusion, which is about 600 feet
thick, is exposed for a strike length of 1.5 miles. The
lower 250 feet is dark-gray diabase which grades
upward through a narrow blackish-red transition zone
to red granodioritic granophyre. The base seems to be
conformable with underlying basalt, but the top, which
is poorly exposed, may be discordant. Differentiation
in the diabase is indicated by a decrease in grain size
upward, together with a relative concentration of
olivine and ore minerals near the base. Grains showing
a micrographic intergrowth of quartz and potassic
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feldspar appear in the upper part of the diabase. The
granophyre is characterized by red potassic feldspar
which both mantles clouded plagioclase (An s.5) and
forms micrographic intergrowths with quartz. The red
color in the feldspar is due to finely d‘sseminated
hematite.

The intrusion is similar to sills in the Duluth, Minn.,
area described by Schwartz and Sandberg?® and
Ernst.** The relative abundance of granophyre, more
than could be derived from fractional crystallization
of a basaltic magma, is common to both arcas, and the
explanations proposed by the above authors—composite
intrusion, assimilation of felsitic material, or migration
of the granophyre—could apply as well to the intrusion
in the Matchwood quadrangle.

PALEOZOIC STRATIGRAPHIC STUD'<S

Lithofacies in Upper Ordovician rocks trend across
Cincinnati arch

Studies by G. W. Weir and J. H. Peck along the east
flank and W. L. Peterson along the west flank of the
Cincinnati arch in Kentucky indicate that lithofacies in
the Upper Ordovician rocks trend almost perpendic-
ularly to the northward-striking axis of the arch. Strata
along the east flank south of Owingsville, rortheastern
Kentucky, probably accumulated in shallower water
than strata to the north. At least two significant trans-
gressions of the sea occurred across the southern area
along the east side of the arch.

Atoka Formation thicker in grabens in Arkcevsas Valley

Recent subsurface studies by B. R. Haley in the Van
Buren and Lavaca quadrangles in the Arksnsas Valley
of west-central Arkansas have demonstrated that the
Atoka Formation of Pennsylvanian age i~ thicker in
grabens than in nearby horsts. Thickness maps of the
entire formation, the lower middle, and upper parts of
the Atoka, and individual rock units indicate that move-
ment along north- and south-dipping faults commenced
shortly after the lowest part of the Atoka was deposited
and continued during deposition of the rest of the
Atoka. Wherever two or more reliable m~asurements
of displacement along individual faults can be made,
the greater displacement is at depth.

In the same quadrangles, natural gas is lithologically
trapped in sandstones in the Atoka Formation by an in-
crease in the amount of clay and silt. The occurrence
of gas does not seem to be related to structure, because
gas in any sandstone reservoir is produced from struc-
tural lows and highs and from in between.

18 G, M. Schwartz and A. E. Sandberg, 1940, Rock series in diabase
sills at Duluth, Minnesota : Geol. Soc. America Bull,, v. 51, p. 1135-1171.

12 W. G. Ernst, 1960, Diabase-granophyre relations in the Endion sill,
Duluth, Minnesota : Jour. Petrology, v. 1, p. 286-303.
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PLEISTOCENE GEOLOGY

Peccary family caught in Pleistocene duststorm

Skeletons of four peccaries, probably members of a
single family, found in Pleistocene loess in a bluff fac-
ing the Mississippi River mnear Hickman, western
Kentucky, have been identified as Platygonus com-
pressus by F. C. Whitmore, Jr.

The skeletons were discovered by John Henson, a bull-
dozer operator, while opening a gravel pit. W. 1. Finch
and J. D. Sims learned of the discovery and excavated
the bones.

The four skeletons—a large adult male, a smaller
adult (probably female), and two young adults (prob-
ably yearlings)—show that they were huddled together
with their snouts pointing eastward when they died.
Their position and the fact that they were buried in loess
indicate that they were overwhelmed and smothered
in a duststorm. 7

Pre-Herman stage of glacial Lake Agassiz north of
Mesabi iron range

Mapping of glacial deposits north of the Mesabi iron
range in northeastern Minnesota by T. C. Winter has
revealed a previously unmapped glacial lake near Em-
barrass, Minn. Evidence of the lake is largely topo-
graphic, but it has been confirmed in several places by
lake sediments exposed in ditches. The lake was prob-
ably proglacial and formed during an early stage of
glacial Lake Algassiz. Its elevation, about 1,420 to
1,440 feet above mean sea level, was a little higher than
Herman Beach (1405 feet), which was the earliest
and highest beach formed by Lake Agassiz nearby at
Tower, Minn.

The lake was drained when a small moraine was
breached near Embarrass. The water flowed southward,
down what is now the Pike River valley, across a low
divide into the Embarrass River valley, which is part
of the St. Louis River and Lake Superior drainage
basin. Some water probably entered the Prairie River
near Grand Rapids and thence flowed to the Missis-
sippi River.

MINERAL-RESOURCES STUDIES

Lignite drilled in Hettinger and Stark Counties, N. Dak.

Beds of lignite as much as 14 feet thick have been
penetrated by test holes in the Fort Union Formation
between Dickinson and south of Belfield in southwestern
North Dakota. Each of 28 holes drilled in the course of
ground-water investigations penetrated one or more
beds of lignite at least 2 feet thick within 200 feet of the
surface. According to Henry Trapp, Jr., the aggregate
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thickness of lignite in beds 2 feet or more thick ranged
from 2 to 32 feet and averaged 11 feet.

NORTHERN ROCKY MOUNTAINS

STRATIGRAPHIC STUDIES OF MESOZOIC
AND CENOZOIC ROCKS

Southern and central Wyoming

J. R. Gill has recognized that the Lewis Shale (Upper
Cretaceous) in southwestern Wyoming was deposited
in an embayment with only limited access over a sill into
the open sea. The sill was formed by two coalescing delta
systems, one extending southeastward from south-cen-
tral Wyoming and the other extending northeastward
from northwestern Colorado. Several gas fields are
associated with sands deposited along the margin of the
southern delta. The fine-grained deposits of the silled
basin have a higher organic content than do correlative
strata deposited in the open sea, and may thus be sorce
beds for the petroleum occurrences in barrier-bar and
island sandstones of the lower part of the Lewis Shale
in the Rocky Springs area.

M. W. Reynolds has shown that in the Lamont-Beroil
area, arkosic sandstones heretofore included in the
Battle Spring Formation (Focene) belong in the older
Fort Union Formation. Identification of palynomorphs
in the sandstone by R. H. Tschudy confirms their P¢leo-
cene age. These relations and the discovery of gramnite
cobbles in the lower part of the Fort Union adjacent to
the Sweetwater arch indicate that major uplift and deep
erosion of the arch occurred earlier than has previously
been recognized.

Northwestern Wyoming

During a continuing study of the stratigraphy and
structure of quartzite conglomerates in northwestern
Wyoming, J. D. Love has found that a large are~ of
conglomerate in the Teton Wilderness Area, previously
believed to be Pinyon Conglomerate of Paleocene age,
is instead the Harebell Formation of Late Cretac~ous
age. This finding is based on analyses of 105 pollen
samples by E. B. Leopold and R. H. Tschudy. The Hare-
bell is nearly 10,000 feet thick in several places in ncrth-
ern Jackson Hole, and the Pinyon is 5,000 feet thick in
the same area.

D. A. Lindsey is gathering quantitative data or the
paleocurrents, provenance, depositional environments,
and petrography of the conglomerates. Current struc-
tures in the Pinyon Conglomerate and the Harebell
Formation include imbrication in the conglomer-tes,
and cross-bedding, ripple mark, ripple cross-lamination,
and parting lineation in the sandstones. Reconstruction
of the paleocurrent system based on these structures
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indicates a general easterly transport direction for both
formations. However, paleocurrent measurements in the
Pinyon south of the Buffalo River show a strong south-
erly trend. Incomplete petrographic studies suggest that
the largest clasts are north of the Teton Range, and
that clasts in the Pinyon Conglomerate decrease in size
toward the south in the area south of the Buffalo River.
Clast composition averages about 80 to 90 percent
quartzite, 5 to 10 percent volcanic rock, and lesser
amounts of granite and sedimentary rocks, including
sandstone, limestone, shale, and chert. The regional per-
sistence of nonresistant rock types indicates that sig-
nificant tracts of sedimentary and volcanic rocks as
well as quartzite existed in the source terrane.

STRATIGRAPHIC STUDIES OF PALEOZOIC ROCKS

Regional Devonian and Mississippian stratigraphy in
northern Cordilleran region

A Iate Late Devonian (early Famennian) conodont
fauna has been found by C. A. Sandberg and W. J.
Mapel in the Jefferson Formation in the southern Lost
River Range of east-central Idaho. The fauna occurs
in a 15- to 30-foot thick brachiopod-bearing silty nodu-
lar limestone 25 to 100 feet below the top of the forma-
tion. The Jefferson of east-central Idaho is therefore
thicker and includes younger beds than the type Jeffer-
son of southwestern Montana, which is entirely early
Late Devonian (Frasnian). The oldest known faunas in
the overlying Three Forks Formation of both regions
are middle to late Famennian. These data strongly sug-
gest that, whereas Late Devonian deposition was vir-
tually continuous in Idaho, a heretofore unrecognized
disconformity separates the Jefferson and Three Forks
Formations in Montana. A comparable disconformity
has been reported by Belyea and McLaren 2® in the
Rocky Mountains of Alberta.

C. A. Sandberg and R. C. Gutschick report conclu-
sive microfaunal evidence for the Devonian age of the
lower half of the type Leatham Formation in the
Wasatch Range, Utah. The Devonian-Mississippian
boundary is believed to lie within the sparsely fossili-
ferous upper part of the formation. Their work
strengthens current opinion that the succession of
faunas and strata in the Leatham is nearly identical to
that in the Sappington Member of the Three Forks
Formation of western Montana and comparable to that
in the Exshaw Formation of southern Alberta.

Regional biostratigraphic studies in the northern
Cordilleran region by W. J. Sando show that two Mis-
sissippian marine transgressions were separated by a

2 H. R. Belyea and D. J. McLaren, 1964, Devonian correlations near

Sunmapta Pass, Banff National Park, Alberta : Bull. Canadian Petroleum
Geology, v. 12, p. 779-807.
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widespread epeirogenic emergence. The earlier, or
Madison, transgression, which actually began in latest
Devonian time, pulsated eastward over a broad cratonic
shelf. The sea shallowed from Osage to early Meramec
time and withdrew during the early or middle Meramec.
The sea returned in later Meramec and Chester time
when the region differentiated into a miogeosynclinal
belt and a cratonic platform.

INVESTIGATIONS IN MINERALIZED AREAS

A Tertiary pluton and silver-lead-zinc mineralization in
Little Belt Mountains, central Montana

W. R. Keefer reports that a Tertiary porphyritic
felsic intrusion underlies most of the northwest part
of the Neihart quadrangle and appears to be the source
of solutions that formed silver-lead-zine veins in Pre-
cambrian crystalline rock of the now inactive Neihart
mining district. I. J. Witkind infers that this pluton
extends in the subsurface into the southwestern part of
the adjoining Barker quadrangle. Eviden-e for this is
the presence of (1) small rhyolite porphyry dikes dated
by K-Ar methods as provisionally of Tertiary age, (2)
lead-zine stringers, (3) prograde alteration, and (4)
sharp local uplift in the Precambrian -crystalline
country rocks. Significant ore deposits may await dis-
covery in the buried parts of the intrusicn and in the
surrounding Precambrian rocks.

Magnetic studies of altered and mineralized rocks in
northern Boulder batholith

Magnetic properties of the Boulder batholith, the
older Elkhorn Mountains Volcanics, and the younger
Lowland Creek Volcanics in southwestern Montana have
been studied by W. F. Hanna in a mireralized belt
marked by negative aeromagnetic anomalies. Individual
aeromagnetic lows within the belt occur over outcrops
of the Boulder batholith and Lowland Creek Volcanics.
All the units have a total magnetization nearly parallel
to the earth’s field. The Lowland Creek Volcanics have
reversed remanent magnetization, but the remanent
component is weaker than the induced ccmponent. As
altered rocks sampled from the areas of the aeromag-
netic lows have a much weaker total magnetization than
equivalent unaltered rocks nearby, the nevative anom-
alies appear to reflect rock alteration to considerable
depth.

Precambrian stratigraphy and alteration south of Coeur
d’Alene region, idaho

Reconnaissance mapping by A. B. Griggs in Kootenai
and Benewah Counties, northern Idaho, has shown that
many upper Belt Supergroup rocks in a downfaulted
block south of the large St. Joe fault are highly altered.
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They are strikingly similar to the “bleached” rocks wide-
spread in the main part of the mineral-rich Coeur
d’Alene district, and probably resulted from similar
hydrothermal alteration. No significant mineral de-
posits are known in the newly recognized altered area,
but a sampling program is planned.

Griggs has also found several hundred feet of coarse-
grained quartzite in the Striped Peak Formation in this
area. These rocks are an order of magnitude coarser than
any others in the Belt terrane that extends hundreds of
miles to the east, and also far to the north and south,
clearly indicating a western source for the western Belt
strata.

STRUCTURAL AND GEOPHYSICAL INVESTIGATIONS

Montana disturbed belt

A section of the Big Snowy Group (Upper Missis-
sippian) more than 600 feet thick in southeastern Lewis
and Clark County, western Montana, has been mapped
by M. E. McCallum and G. D. Robinson, who have dem-
onstrated that the Big Snowy basin extended much
farther west than had been thought previously. The
section is dominated by dark carbonate rocks and is
strongly petroliferous. Exploration of the group farther
west must be by drilling, for the westernmost exposures
are overridden by Belt Supergroup rocks on the Lewis
thrust.

M. R. Mudge's paleotectonic studies in the Sun River
area, northwestern Montana, suggest stratigraphic con-
trol of the configuration and style of “Laramide” struc-
tures in the northern disturbed belt. The eastern edge
of the disturbed belt is near the hinge zone between the
craton to the east and the Cordilleran geosyncline, as
well as the eastern erosional edge of the Belt Super-
group. Laramide structural trends are parallel to iso-
pach trends in many Paleozoic units. Other stratigraphic
variables that influence structure include facies changes
and thickness of overburden at the time of faulting.

In the Lincoln mining district of Lewis and Clark
and Powell Counties, many of the stocks, such as the
one associated with ore deposits of the Marysville mine,
in western Montana, produce characteristic positive
aeromagnetic anomalies. Several similar anomalies over
areas without igneous outcrops were investigated in
the field by M. D. Kleinkopf, who found evidence of
alteration and mineralization just north of Stemple
Pass and near the headwaters of Warm Springs Creek.

Kleinkopf also reports that the Scapegoat-Bennatyne
trend, a well-known northeast-striking regional tec-
tonic feature of the western high plains, has gravity and
aeromagnetic expression southwestward across the dis-
turbed belt, and appears to have controlled emplacement
of two large buried intrusions.
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Southern Rocky Mountain trench

A large positive aeromagnetic anomaly founc by
M. D. Kleinkopf over thick Belt Supergroup strata at
the west edge of the Swan Range, northwestern M on-
tana, may have a source controlled by deep faulting in a
postulated Rocky Mountain trench rift zone. A bigh-
amplitude positive anomaly superimposed on the larger
anomaly may be caused by near-surface igneous rocks
and may be worthy of mineral-deposit investigation. A
prominent north-trending steep aeromagnetic gracient
over the west side of the Mission Range correlates with
a fault zone which may be a subsidiary of the Rocky
Mountain trench; the steep gradient seems to have a
shallow source and may be due to near-surface ign~ous
rocks emplaced along the fault zone.

Late Cretaceous and Cenozoic evolution of western
Crazy Mountains Basin, ceniral Montana

Mapping by L. W. McGrew and B. A. Skipp indicate
that large-scale faulting occurred in three stages: (1)
superficial folding and thin-skinned eastward sliding
into the Crazy Mountains Basin along faults near the
Precambrian-Cambrian contact due to rise of the Big
Belt Mountains in late Paleocene time; (2) overturning
and rupturing of the east limbs of earlier folds with for-
mation of an imbricate thrust belt along the east margin
of the range, by continued uplift of the Big Belt Moun-
tains possibly in Eocene time; and (3) gravity faulting
at the eroded toes of the thrusts in late Tertiary or
Quaternary time, which emplaced large slabs of Pre-
cambrian rocks on eroded folds in Cretaceous roc¥s.

Bayhorse area, east-central ldaho

New understanding of the structural framework in
the Bayhorse region is emerging from detailed mapping
of the complex Paleozoic stratigraphy by S. W. Hobbs
and W. H. Hays. At least three north-trending thrust
faults with probable large displacement have been recog-
nized, although two of them may be remnants of the
same folded fault. The thrusts are segmented by north-
trending steep faults that are mainly older than the
Challis Voleanics (of Eocene?, Oligocene, and Miocene ?
age) but may also be partly younger. These steep faults
are the main controlling structures of the lead-zinc-
silver mineralization in the region.

Teton Range-Jackson Hole region, western Wyoming

Mapping by J. D. Love provides new data on three
major but poorly known north-trending fault systems:
(1) The Tripod fault, downthrown to the east in east-
orn Jackson Hole, forms the west margin of a broad arch
connecting the Washakie and Wind River Ranges; this
faulted arch rose at about the end of Paleocene time and
was stripped of 12,000 feet of strata before deposition
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of lower Eocene rocks. (2) The Pilgrim Creek fault,
downthrown to the east, extends from Jackson Hole
into southern Yellowstone Park with 5,000 to 10,000 feet
of total displacement. Age of movement is probably
post-Oligocene, and rhyolitic welded tuff of Pleistocene
age 1s offset as much as several hundred feet. (3) The
Teton fault, also downthrown to the east, has been ex-
tended northward by newly discovered outcrops of Cre-
taceous fossiliferous rocks, and 8,000 feet or more of
displacement has been demonstrated.

Geophysical studies by J. C. Behrendt are helping to
define the subsurface structure. Seismic-refraction pro-
files in Jackson Hole define an upper zone 3.5 km thick
with a compressional-wave velocity of 2.5 km/sec prob-
ably composed of Cenozoic and upper Mesozoic rocks; a
middle zone up to 3.5 km thick with a velocity of 3.9
km/sec that is probably lower Mesozoic rocks, and a
lower zone with a 6.1 km/sec velocity that is probably
Paleozoic carbonate and Precambrian basement rocks.
The Teton fault is well outlined by gravity and aero-
magnetic gradients and by seismic profiles. It has up to
7 km of relief, an apparently low dip near Jenny Lake,
and a northeastward divergence from the Teton Range
near Jackson Lake with a change into a nearly vertical
fault near Arizona Creek. A 50-mgal negative gravity
anomaly is associated with the low-density 2.5 km/sec
sedimentary rocks of Jackson Hole adjacent to the Te-
ton Range. The Gros Ventre structural trends can be
shown gravimetrically and aeromagnetically to intersect
the later Teton trend.

Yellowstone National Park region

Mapping in and near south-central Yellowstone Park
by W. R. Keefer and J. D. Love has outlined major
structural features in the prevolcanic sedimentary rocks.
The regional structural pattern was established during
the latest Cretaceous and early Tertiary deformation.
Features originating during that time include: (1) a
broad uplift toward the west, which was en echelon to
the contemporaneous Teton-Gros Ventre arch; (2) a
central downwarp in which several thosnand feet of up-
permost. Cretaceous and lowermost Tertiary sediments
accumulated during deformation; and (3) a westward-
moving thrust block that overrode the east flank of the
depositional basin. These structures are continuations
of the structural elements of the Jackson Hole region
to the south, and their large size suggests that they con-
tinued far northward into the area now underlain by
the Yellowstone Rhyolite Plateau.

Similar structures and a similar stratigraphic section
have been mapped by E. T. Ruppel in the northern part
of Yellowstone Park. His mapping has demonstrated
the presence of the Bighorn Dolomite of Ordovician age,
the Three Forks Formation of Devonian and earliest
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Mississippian age, and the Chugwater Formation of
Triassic age, all previously unrecognized in northern
Yellowstone Park.

The Laramide structures of the park region were ex-
tensively modified by later episodes of volcanism and
normal faulting. The continuation of one of these faults
into the Yellowstone Lake Basin has been traced by
H. W. Smedes in a study of infrared imagery which in-
dicates several alined cold springs discharging onto the
floor of the lake along a linear topographic break with
up to 100 feet of relief.

INVESTIGATIONS OF VOLCANIC RCCKS

Yellowstone Rhyolite Plateau, Yellowstone
National Park

R. L. Christiansen and H. R. Blank, Jr.. report that
the Yellowstone Tuff (upper Cenozoic) consists of three
extensive ash-flow sheets associated with caldera forma-
tion and separated by erosional unconformities, basaltic
and rhyolitic lava flows, and episodes of fsulting. Pre-
liminary K—Ar ages determined by J. D. Obradovich on
sanidine from the rhyolitic rocks indicate that the Rhy-
olite Plateau was formed between about 1.5 m.y. and
less than about 80,000 years ago.

Tentative remanent polarity measurements made in
the field by Blank and Christiansen suggest that there
are three stratigraphic intervals in which nearly hori-
zontal geomagnetic-field directions are recorded. Two
of these occur at the base and top of the middle ash-flow
sheet, and the third occurs in the lowest ash-flow sheet
of the Yellowstone Tuff. These data, togetl »r with pre-
liminary K-Ar ages of 1.0 m.y. on sanidine from two
interlayered rhyolite flows, suggest that eruption of the
middle sheet, which is composite, exactly kracketed the
Jaramillo normal polarity event.

Absaroka volcanic field, northwestern Wycming

W. H. Nelson has mapped several irregular stocks in
the Beartooth Butte quadrangle, which, along with
previously known intrusives, lie in a northwest-trending
line parallel to such regional structures as the faults
that bound the north and south sides of tho Beartooth
uplift, the Nye-Boulder lineament, and other faults to
the northwest. Volcanic rocks in the ares. around the
newly mapped stocks are near-vent flows and flow brec-
cias, suggesting that the stocks occur in the volcanic
centers.

H. J. Prostka has shown that the Cathedral Cliffs
Formation of Eocene age and its equivalents are far
more extensive in northern Yellowstone Park than was
previously recognized. The epiclastic volcanic debris
that forms the bulk of the unit was derived from at least
four widely separated vent areas and thus exhibits
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marked facies changes. The unity of the formation is
established by through-going marker units—welded-
tuff sheets and mafic lava flows.

A north-trending horst in the Electric Peak area of
northwestern Yellowstone Park has been shown by
H. W. Smedes to separate 2 dissimilar sequences of
Eocene volcanics, each 2,000 feet or more thick, which
rest on Cretaceous or Paleocene strata. Facies changes
and directions of thinning indicate that most of the
material in both sequences was derived from vents in
the horst area but that basalt in the upper part of the
western sequence came from north of the park. The
eastern sequence is a near-vent facies of the Cathedral
Cliffs Formation.

W. L. Rohrer and J. D. Obradovich report K-Ar
ages of 46 m.y. (late middle Eocene) determined on
hornblende separated from andesite of the basal Wig-
gins Formation of Pinnacle Buttes in the Togiwotee Pass
area. This accords with an earlier paleobotanical
assignment of middle Eocene for the underlying Tepee
Trail Formation. Previously the Wiggins was regarded
tentatively as Ogilocene and the Tepee Trail as late
Eocene, based on ambiguous fossil evidence. Strati-
graphic interpretation in the Pinnacle Buttes area and
elsewhere in the southern Absaroka Mountains now
suggests that the Tepee Trail is a fine-grained facies of
the coarse fluvial volcaniclastic Wiggins. Oligocene fos-
sils from the Wiggins have been reported by J. D. Love
from the Mink Creek area near Yellowstone National
Park and appear to represent a higher stratigraphic
level than the Wiggins at Pinnacle Buttes.

Challis Volcanics in Thunder Mountain caldera, central
Idaho

New evidence from B. F. Leonard’s studies of the
Thunder Mountain caldera, 18 miles east of Yellow
Pine, Idaho, supports the previous conclusion that the
Challis Volcanics (Tertiary) have a considerable range
in age. The youngest rocks in this westernmost part of
the Challis are exposed in and near the central depres-
sion, where a thin sequence of volcanic sandstone and
conglomerate above the dominant rhyolitic tuff and
welded tuff is unconformably overlain by alkalic
andesite flows. Plant fossils collected from the sand-
stone are of FEocene age, probably late Eocene accord-
ing to J. A. Wolfe. The K—Ar age of the andesite, deter-
mined by R. F. Marvin, is 28.4 * 1.4 m.y.—latest Oli-
gocene or earliest Miocene. This considerable local age
range is consistent with the Eocene(?) to Miocene(?)
age generally accepted for the Challis regionally.
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Northeastern Washington

Reconnaissance mapping by R. C. Pearson in ncrth-
east Washington has shown that widely separated lower
Tertiary volcanic and sedimentary strata older than
the basalt of the Columbia River Group are lithologi-
cally equivalent to the Tertiary section in the Republic
area (Siegfried Muessig, r0116). K-Ar age determina-
tions by J. D. Obradovich and others confirm the
lithologic correlations, showing that all these rocks
accumulated between 54 and 46 m.y. ago.

GLACIAL GEOLOGY

Yellowstone-Absaroka region

Studies in east-central Yellowstone Park by G. M.
Richmond and H. A. Waldrop document the history of
stagnation of two successive late Pleistocene icecars in
the Yellowstone Lake basin. The distribution and
altitude of lake deposits of Bull Lake age in Pelican Val-
ley, Hayden Valley, and the Yellowstone River velley
as low as the head of the Grand Canyon suggest gradual
lowering of an ice-marginal lake to an eventual open
lake retained by ice dams in the canyon and in the area
of modern Yellowstone Lake. In Pinedale time similar
evidence demonstrates gradual emergence of upland
areas from beneath cap ice, initial radial outwash drain-
age from ice in the Yellowstone Lake basin, and a suc-
cession of ice-contact stream and lake deposits betveen
670 feet and 60 feet above the present lake. At that
stage the lake became essentially open water and the
Grand Canyon was freed of ice to drain the region as
at present.

Evidence of pre-Bull Lake Glaciation has been found
on top of Amethyst Mountain and on peaks of the Wash-
burn Range, where K. L. Pierce discovered well-pre-
served glacial polish and striations as much as 1,600
feet above the upper limit of Pinedale ice and probably
above the upper limit of Bull Lake ice. Ice lowed ncrth-
ward across the Washburn Range from a center either
in the Yellowstone Lake area, as did the later icecaps,
or from a highland that existed in the eastern part of the
rhyolite plateau 15 to 1 m.y. ago, before caldera
collapse.

W. L. Rohrer and J. D. Obradovich report a 0.48=%=
0.06 m.y. whole-rock K-Ar age for a sample of besalt
of Lava Mountain from south of Togwotee Pass. Ba-
saltic erratics from Lava Mountain occur in glecial
deposits tentatively correlated with the Washakie Point
Glaciation. This correlation and the radiometric date
place a maximum age near 4 m.y. on the ear'iest
glaciation recognized in northwest Wyoming.
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SOUTHERN ROCKY MOUNTAINS
PRECAMBRIAN ROCKS OF COLORADO

Relief on Precambrian surface

Depth to the Precambrian basement in the North
Park-Middle Park basin of northern Colorado has been
determined on the basis of seismic-refraction, gravity,
and well data in a study by J. C. Behrendt. The greatest
depth is about 2.7 km below sea level, south of the west-
northwest-trending Spring Creek fault just north of
the North Park syncline. Dip on the Spring Creek fault
is nearly vertical, and displacement is 2 km with the
north side up. A positive structure with an elevation of
2 km above sea level separates the North and Middle
Park parts of the basin in the Buffalo-Green Ridge
area. The basement in Middle Park has a minimum
elevation of about 0.6 km above sea level and is at a
much shallower depth than in North Park. Maximum
relief relative to Precambrian rocks cropping out in ad-
jacent ranges is about 6.7 km.

Geochronology

Quartz monzonite plutons in Park Range, Routt, and
Jackson Counties of northwest Colorado were intruded
in two distinct time periods, about 1.4 and 1.7 b.y. ago,
as shown by geochronologic studies of C. E. Hedge.
George Snyder reports that the older (1.7 b.y.) quartz
monzonite bodies are prekinematic and are strongly
foliated and contorted, whereas the younger (1.4 b.y.)
bodies are postkinematic or synkinematic and are
weakly foliated and undeformed.

A whole-rock Rb-Sr age determination by C. E. Hedge
(r0143) on gneiss at the bottom of the Rocky Mountain
Arsenal well about 10 miles northeast of Denver, Colo.,
also gives a probable age of about 1.7 b.y. similar to that
of the metamorphosed rocks exposed in the Front
Range. Mineral ages of 1.38 b.y. and 1.40 b.y. on biotite
from the gneiss probably reflect the age of widespread
thermal effects associated with the emplacement of the
Silver Plume Granite.

W. R. Hansen and Z. E. Peterman (p. C80-C90) re-
port that whole-rock Rb-Sr analyses of basement rocks
exposed along the Black Canyon of the Gunnison River,
Colo., yield the following ages: Black Canyon Schist,
1,700 m.y.; Pitts Meadow Granodiorite, 1,730 m.y.;
Vernal Mesa Quartz Monzonite, 1,480 m.y.; Curecanti
Quartz Monzonite, 1,420 m.y.; pegmatite (microcline
separate), 1,360 m.y.; and diabase, 510 m.y. The Pitts
Meadow is correlated temporally with Boulder Creek
Granite of the Front Range, and the Curecanti with the
Silver Plume Granite. The Late Cambrian or Early
Ordovician age of the diabase is the first such age to be
reported from diabase in Colorado.
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PALEOZOIC AND MESOZOIC STRATIGRAPHY

Stratigraphy of redbeds

Geologic mapping by V. L. Freeman in the Woody
Creek quadrangle, Pitkin and Eagle Counties, western
Colorado, has demonstrated that the redb~ds beneath
the Chinle Formation (Triassic) may be subdivided
into three units. The oldest redbeds exposed are inter-
bedded pebbly sandstone and siltstone charrcterized by
poor sorting and by angular coarse quartz and feldspar
grains; these beds are considered typical of the Maroon
Formation (upper Paleozoic) in its type area. The dis-
tinctive middle unit is unconformable on the older one
and consists of siltstone and sandstone that is better
sorted and contains rounder coarse quartz grains than
the lower unit. This middle unit thickens from about
900 feet to more than 3,000 feet from west to east across
the Woody Creek quadrangle. A distinctive sequence
of well-sorted fine-grained sandstone forms part of the
middle unit and is traceable for at least 25 miles along a
northwest trend in the region. The upper vuit of these
redbeds is composed of poorly sorted pebbly sandstone
containing angular quartz and feldspar grains; rounded
quartz grains derived from the underlying well-sorted
sandstone occur at the base.

Work by R. B. O’Sullivan in the Navajo Reserva-
tion of northeast Arizona and southeas: Utah has
clarified the stratigraphic relations of the informally
designated division A of the Chinle Formation (Upper
Triassic). It is a reddish-orange very fine g ained sand-
stone and siltstone unit that in parts of northeastern
Arizona has been named the Rock Point Member of the
Wingate Sandstone or the Church Rock Member of the
Chinle Formation. In much of southeast Utah another
unit of reddish-orange very fine grained sandstone and
siltstone has been called the Church Rock Member of the
Chinle Formation, but according to O’Sullivan this unit
lies below the Hite Bed of Stewart and othors (1959)
which is recognized as being equivalent to division
A. Thus, the reddish-orange unit in south»ast Utah is
lower stratigraphically than the Church Rock of
Arizona.

Basal “Wasatch’ probably Cretaceous

As a result of his studies near the Table Cliff Plateau
in Garfield County, southern Utah, W. E. Bowers be-
lieves that a conglomerate unit that has been considered
the basal unit of the Wasatch Formation should no
longer be considered part of the Wasatch. The unit
ranges from 25 to more than 400 feet in thickness and

2 J H. Stewart and others, 1959, Stratigraphy of Triassic and asso-
ciated formations in part of the Colorado Plateau regior. with a section
on Sedimentary petrology, by R. A. Cadigan: U.S. Genl. 'Survey Bull,
1046-Q, p. 487-576.
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consists of gray to red conglomerate and conglomeratic
sandstone. It appears to rest conformably to uncon-
formably on the Kaiparowits Formation of Late
Cretaceous age. On the east side of the Table Cliff
Plateau, the unit and about 200 feet of overlying red
and gray mudstone are overlain with apparent con-
formity by limy mudstone and limestone of the Wasatch
Formation. On the northwest side of the plateau the
conglomerate and overlying mudstone were deformed
and eroded prior to deposition of the Wasatch limy beds.
In a sample from a carbonaceous mudstone interbed in
the conglomerate unit, R. H. Tschudy found character-
istic Late Cretaceous pollen and spores that suggest a
late Campanian age for this apparently pre-Wasatch
unit.

STUDIES INVOLVING CENOZOIC DEPOSITS

Volcanic breccia recognized

A sequence of epiclastic volcanic breccia and sand-
stone on Porphyry Mountain, 1 mile west of the summit
of Hahns Peak in northwest Colorado, has been recog-
nized by Kenneth Segerstrom and E. J. Young. This
breccia contains abundant large clasts of altered rhyolite
porphyry and less abundant smaller clasts of shale and
is intercalated with finer grained beds of the same mate-
rial; graded bedding is common in the sequence, yet
large clasts occur in places as sag blocks in the fine-
grained beds. The porphyry of the clasts is identical to
massive altered porhpyry that crops out on Hahns
Peak, except that it contains no pyrite. The sequence is
several hundred feet thick, and it overlies, with probable
conformity, sandstone and conglomerate which are com-
pletely devoid of porphyritic material. The preporphyry
beds have been defined as the Browns Park Formation
of late Tertiary age. Both the beds derived from por-
phyritic material and those of the Browns Park Forma-
tion dip 35° to 40° away from Hahns Peak. The out-
crop distribution of older rocks on either side, chiefly
the Mancos Shale, indicates that the Browns Park
Formation and the younger clastic beds are in a struc-
tural and topographic basin centered about 1 mile west
of the present Hahns Peak. This newly recognized evi-
dence indicates that airborne clasts from a volcanic
eruption at the approximate site of Hahns Peak were
dropped in the basin (locally in standing water) and on
other nearby areas on top of the Browns Park Forma-
tion and older rocks. More or less concurrently, rain-
water flushed pyroclastic material that was deposited on
adjacent slopes, plus some of the underlying shale, into
the basin. The rhyolitic eruption was halted by plug-
ging of the vent or vents, and extrusion was succeeded
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by intrusion, doming, and sulfide mineralization cen-
tered at Hahns Peak. Erosion first stripped the pyro-
clastic sediments and then the Browns Park Formation
from all parts of the Hahns Peak dome, except at lower
levels of the basin.

Rio Grande depression extended

Recent work by R. E. Van Alstine (p. C157-C160)
in Chaffee and Saguache Counties of south-central
Colorado has shown that the Arkansas and San ILuis
Valleys are connected by a 3- to 4-mile-wide structural
trough containing volcanic rocks and sediments of late
Tertiary age, rather than being separated by a barrier
of Precambrian rocks as previously believed. The ex-
istence of this connection indicates that the Rio Grande
depression extends northward continuously into central
Colorado by way of the upper Arkansas Valley.

Pleistocene geology

A reconnaissance geomorphologic study of the "Vet
Mountain Valley, south-central Colorado, by G. R. S-ott
shows that a basin fill of pre-Wisconsinan gravelly
alluvium more than 100 feet thick overlies a bedrock
floor chiefly composed of granite and metasedimentary
rocks of Precambrian age and volcanic flow rocks of
middle Tertiary age. Pedimentlike surfaces of at l-ast
five ages have been cut on the fill. Piedmont moraine< of
a pre-Bull Lake Glaciation in which all the stones are
deeply weathered extend eastward from the Sangr» de
Cristo Mountains onto the pre-Wisconsinan fill. Figh
ridgelike moraines of the early and late stades of [2ull
Lake Glaciation extend beyond these low-disse~ted
moraines, and encircle the oldest moraine (early stace?)
of Pinedale Glaciation. Younger Pinedale and Holocene
nonpiedmont moraines lie in the higher parts of the
valleys within the mountains. Nearly every valley that
heads in the center of the range has been glaciated. Caly
two outwash terraces have been recognized that extend
away from the moraines and that can be traced to and
along the Arkansas River. The older, about 70 feet above
modern streams, is Bull Lake in age ; the younger, ahout
25 feet above modern streams, is Pinedale in age.

J. A. Sharps reports that in the Lamar 1:250,000
quadrangle of southeastern Colorado, the Arkansas
River has migrated laterally probably because of an
unequal supply of sediment from tributary streams. The
70-mile reach of the river west of the Colorado-Kansas
State line has moved 4 to 6 miles southward since late
Nebraskan time. Farther upstream, between Fowler
and La Junta, Colo., a 25-mile reach of the river moved
6 to 7 miles northward between early Nebraskan and
early Wisconsinan time.
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Sulfide deposits associated with Whiterock pluton

Near Aspen in Pitkin County, west-central Colorado,
disseminated sulfide deposits oceur in the Whiterock
pluton and in hornfelsed wallrock, according to Bruce
Bryant (r2253). The deposits consist mostly of pyrite,
but locally, especially in zones of highly altered rock in
the Cataract Creek area, they contain molybdenite and
chalcopyrite. Semiquantitative spectrographic analyses
show that the rock in those altered zones lost Fe, Mg,
Ca, and K, and gained Na during alteration. These zones
trend east, parallel to a regional fracture system con-
taining dikes of porphyritic granodiorite that cut
Whiterock granodiorite and country rock.

Age of mineralization in Colorado mineral belt

Studies of Tertiary intrusive porphyries in the Front
Range have given R. B, Taylor and R. U. King (r1342)
further insight into the importance of Oligocene ig-
neous and ore-forming events within the belt of igneous
rocks and ore deposits once regarded as entirely of
“Laramide” age. Rhyolitic intrusives south of George-
town, about 40 miles west of Denver, are now correlated
on geologic criteria with the 27-m.y.-old stock at Red
Mountain near Berthoud Pass. Six miles south of
Georgetown, a plug of rhyolite and rhyolite breccia
on Cabin Creek is interpreted as being the core of a
rhyolitic dome exposed near the level of venting. A mile
northwest, on Leavenworth Creek, a composite stock
composed of several varieties of rhyolite porphyry cut
by numerous breccia masses and pebble dikes marks
the site of a second vent. Most of the rocks of this stock
are extensively altered to a mineral assemblage con-
taining hydrothermal muscovite, kaolinite, and quartz,
with local alunite, and many contain geochemically
anomalous amounts of Mo, Cu, and Pb. Numerous
smaller masses and abundant dikes in a zone extending
from the Leavenworth Creek stock into the Georgetown
mining district attest to extensive activity in the middle
Tertiary in this part of the Colorado mineral belt.

K-Ar ages of micas collected by F. E. Mutschler and
Bruce Bryant and analyzed by J. D. Obradovich from
the Elk Mountains and vicinity in Pitkin and northern
Gunnison Counties, Colo., and mapping by Bryant, D.
L. Gaskill, L. H. Godwin, and Mutschler indicate that
at least three general periods of igneous and structural
events occurred in that region: (1) intrusion of por-
phyries and faulting and mineralization in the Aspen
mining district at the margin of the Sawatch uplift in
the Late Cretaceous; (2) intrusion of a sequence of
granodiorite plutons, sills, stocks, dikes, and laccoliths,
accompanied by some high-angle faulting, vein forma-
tion, and disseminated sulfide deposition in the middle
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Tertiary ; and (3) intrusion of soda granite and forma-
tion of the Treasure Mountain dome, accompanied by
some vein formation and intrusion and extrusion of
mafic rocks in the late Tertiary.

COAL IN SAN JUAN BASIN

The Fruitland Formation (Upper Cretacaous) in the
San Juan Basin of northwest New Mexico and south-
west Colorado contains more than 200 billion tons of
subbituminous coal as estimated by J. E. Fassett and
J. S. Hinds. Several billion tons of this cozl is covered
by less than 100 feet of overburden and can be strip-
mined, but in the deepest part of the basin tke Fruitland
coal beds are at depths of as much as 4,500 feet. In gen-
eral, the coal beds are lens shaped and are continuous for
only a few miles. They are elongate northwest-southeast
parallel to the paleoshorelines of the marine Pictured
Cliffs Sandstone, which underlies the Fruitland Forma-
tion. Individual coal beds are as much as 45 feet thick
and have an aggregate thickness of more than 70 feet
in some places. Two zones of thick coal extend north-
westward across the basin. The heat value cf the Fruit-
land coal beds, based on analyses of rotary-drili-cutting
samples and outcrop and mine samples, ranges from
8,000 Btu to more than 13,000 Btu on an as-received
basis. In general, Btu values are highest in the north-
western part and lowest in the southern part of the
San Juan Basin. Heat values on a moisture- and ash-free
basis show a well-defined zonation that has a northwest
orientation.

BASIN AND RANGE REGION

NEVADA
Mineral belts

Northwest-trending mineral belts in Nevada, de-
scribed previously by R. J. Roberts, are believed by
D. R. Shawe to coincide with deep-seated zones of
strike-slip faulting. Such zones (together with related
northeast-striking faults or gash fractures) may have
served to localize both mining districts an- individual
ore bodies. This hypothesis suggests that the extensive
covered areas between known mining districts within
these belts may have a high potential for the discovery
of concealed ore bodies.

Roberts Mountains thrust

The trace of the Roberts Mountains thrust, well
known for possible association with gold deposits at
Carlin and Cortez, Nev., has been mapp~d by J. H.
Stewart and E. H. McKee (r1103) over an area of
some 2,500 sq mi in southern Lander County. Siliceous
(western assemblage) rocks in the upper plate are thrust
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eastward many miles over carbonate (eastern assem-
blage) rocks of the lower plate. Windows through the
thrust exposing the Roberts Mountains Formation
(Silurian) are recognized in the Ravenswood area of
the Shoshone Range, the Callaghan area about 15 miles
north of Austin, in the Toiyabe Range 4 to 10 miles
south of Austin, and near Petes Canyon in the Toquima
Range about 20 miles south of Austin. Granitic rocks
are associated with two of these windows, enhancing
their economic interest.

A similar thrust window, known to be associated with
low-grade gold and silver deposits, was recognized by
K. B. Ketner and J. G. Evans in the southern Inde-
pendence Range, Nev.

Thrusting in Eureka district

Folded thrust faults that have brought together dis-
similar facies of Paleozoic rocks have been recognized
during continuing studies by T. B. Nolan and others
in the Eureka district, central Nevada. In contrast to
the pre-Mississippian age of the nearby Roberts Moun-
tains thrust, these faults involve rocks as young as Per-
mian. The thrusts are folded on north-south axes into
a series of north-trending anticlines and synclines whose
limbs have been the site of later faulting which accen-
tuated the relative uplift of the anticlinal blocks, appar-
ently beginning in Cretaceous time.

All known mineralization and several intrusive bodies
in the district are localized in the uplifted blocks, sug-
gesting that possible sites for exploration may exist
along strike where these structures are buried by Ter-
tiary rocks or are downfaulted by later Basin and
Range faults.

Mesozoic thrusting in western and central Nevada

A possible extension of the Gillis thrust of Mineral
County has been recognized by J. L. Ziony and F. J.
Kleinhampl in northern Nye County, south-central
Nevada. The upper plate, formed of altered volcanics,
quartzite, and minor limestone assigned to the Excelsior
Formation, has been thrust eastward over carbonate
and subordinate clastic rocks of the Luning Formation.
Deposits of silver, lead, tungsten, and magnesite or
brucite occur in the lower plate, and other deposits may
be concealed beneath its extension.

New insight into Mesozoic deformational history has
resulted from studies by R. C. Speed in the Lovelock-
Hawthorne area of western Nevada. Deformation began
with broad warping in the Late Triassic and culminated
in northerly to northeasterly directed folds and thrusts
near the end of the Early Jurassic. As a result, volcani-
clastic (eugeosynclinal) rocks in structural blocks in
the southwestern parts of the area have overridden fine
clastic or carbonate (miogeosynclinal) rocks to the
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northeast. Local troughs, formed during earliest Middle
Jurassic time, were the site of the last marine deposits
in the area; many of these are nearly pure quartz sand-
stones resembling, and possibly correlative with, the
Nugget and Navajo Sandstone of Utah and Color~do.

Ruby Mountains

Additional studies have shed new light on the geology
of the Ruby Mountains, long recognized as an are~ of
structural and stratigraphic anomalies in eas‘ern
Nevada.

Large recumbent nappes in regionally metaror-
phosed rocks form the core of the range near Lamnoille
Canyon, according to the work by K. A. Howard. They
consist of interbedded quartzite and schist, locally con-
taining sillimanite, and thick bodies of strongly recrys-
tallized cale-silicate marble. These metasediments are
extensively invaded by irregular granitic and pegma-
titic masses ranging from a few feet to several hundred
feet in length. The amount of granitic material increases
rapidly downward and in the deepest exposures reaches
nearly 100 percent. This sequence of highly metamor-
phosed rocks is overridden on a gently dipping décol-
lement thrust surface locally preserved along the vwest-
ern face of the range and in Secret Pass by mostly
unmetamorphosed rocks ranging from Cambrian to
Pennsylvanian in age.

The identity and age of the metamorphic rocks in
the core of the range continue to be a problem. Hovard
believes them to be Paleozoic because the large volumes
of carbonate rock observed are unknown in the Precam-
brian. On the other hand, T. W. Stern has obtained an
age of greater than 1 b.y. on zircon from a gneissic
rock from the south edge of Howard’s area. This sug-
gests that the Ruby Mountains either (1) expose Pre-
cambrian carbonate terranes seen nowhere else, or (2)
that the dated units are separated from the massive
carbonate by structural discontinuities not yet
recognized.

Purely structural evidence suggesting the existence
of Precambrian rocks was obtained farther south in
the Ruby Mountains by Ronald Willden and R. W.
Kistler (r0374), who report that nearly isoclinal folds,
believed to be the same set seen by Howard to the
north, have been refolded along with Cambrian and
Ordovician rocks.

More explicit evidence of the complex metamor»hic
and structural history of the Ruby Mountains has been
aobtained by Kistler, who reports Rb-Sr isochrons brsed
on more than 30 whole-rock and 20 individual-mineral
determinations from granitic, pegmatitic, gneissic, and
schistose rocks. These results indicate metamorphic and
igneous events in the Precambrian (1.3-1.1 b.y.), C"m-
brian (546+=34 m.y.), Late Jurassic (160+22 m.y.),
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and Late Cretaceous (7810 m.y.). A body of peg-
matitic muscovite-biotite granite, at least 40 sq mi in
extent just north of the Harrison Pass pluton, is iden-
tified with the Jurassic event; a much smaller body of
pegmatitic granite on the east front of the range has
been recognized as Late Cretaceous. In addition, K-Ar
data show that virtually the entire range carries an
“overprint” of a widespread thermal event that oc-
curred 21 m.y. ago.

Age of vanadium-bearing shales

Carbonaceous shales in the Cockalorum Wash quad-
rangle, central Nevada, that have been extensively
drilled and sampled for vanadium were once thought
to be in the Vinini Formation of Ordovician age and
therefore part of the western (siliceous) assemblage
that commonly forms the upper part of the Roberts
Mountains thrust. Recent work by C. W. Merriam in-
dicates that these rocks, though strongly deformed by
both folds and thrusts, appear to be part of a section
that includes petroliferous shales and bioclastic lime-
stones containing Mississippian endothyrid Foraminif-
era. On this basis, they appear to be in part correlative
with the Pilot Shale and Joana Limestone and there-
fore to be part of the eastern (carbonate) assemblage
that is autochthonous with respect to the Roberts Moun-
tains thrust.
Hot Creek—Morey Peak caldera

A complex and much-modified caldera near Morey
Peak in the Hot Creek Range, central Nevada, has been
defined by geological and geophysical studies, K-Ar
dating, and deep drilling carried out for the AEC at
the central Nevada Test Site. The original structure,
about 15 miles across, has been greatly modified by re-
surgent doming at Morey Peak and by Basin and Range
faulting and erosion. Intracaldera tuffs exposed in the
ranges have been recognized at depths of more than 6,000
feet beneath Hot Creek valley. The site of the original
caldera wall is marked in places by a breccia zone con-
taining great blocks of tuff and Paleozoic rocks, and in
others by andesite dikes intruded along the ringlike
fracture system. Stratigraphic and petrographic
studies indicate that large volumes of calc-alkaline
welded tuff were erupted into the caldera, and some
probably accumulated in surrounding areas also; the
identification and extent. of these have not been fully
established. The caldera complex and its associated
rocks are older than the widespread Bates Mountain
and Shingle Pass Tuffs. Studies are continuing to iden-
tify extracaldera rocks and to define suspected calderas
in nearby ranges.
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Volcanic stratigraphy

The northern and northwestern edges of the wide-
spread welded ash-flow sheets that characterize much of
east-central Nevada have been recognized by E. H.
McKee and M. C. Blake, Jr., in western Y hite Pine,
southern Eureka, and southern Lander Counties. The
ignimbrite of Windous Butte (about 30 m.y. old) was
originally defined in eastern Nye County, br+ its lateral
equivalents are recognizable over wide areas. Tuffs
recently mapped in the Eureka district and in southeast-
ern Lander County are correlated in the rocks of Wind-
ous Butte by lithologic and stratigraphic pcsition. This
correlation was confirmed by K-Ar dates of 33.1*1
and 32.6+1.3 m.y. on the rocks at Eureke, and by a
K-Ar date of 31.3+1.3 m.y. on the rocks for the To-
quima Range in Lander County. Rocks presumably
equivalent to the Shingle Pass Tuff of eastern Nye
County are called Bates Mountain Tuff in Lander,
Eureka, and White Pine Counties. The Bates Moun-
tain Tuff in Lander County has yielded 4 K-Ar dates,
the youngest of which is 23.7+1 m.y. and the oldest of
which is 24.8+1 m.y.

These welded tuff units, derived from tho south, are
seen to interfinger with dacitic to latitic lava flows and
with nonwelded air-fall tuffs of relatively local origin
along a very irregular line that extends ap»roximately
west-northwest through Ely and Eureka. K-Ar dates
on the volcanics in the northern province range from
about 38 to about 20 m.y., thus bracketing the ages of
the welded tuffs with which they interfinger.

In northern Elko County, R. R. Coats has recognized
a multiple-source rhyolite dome called the Circle Creek
Rhyolite. Flow layering indicates that it rose through
a number of closely spaced fissures to flood a sag basin
about 8 miles in diameter. It rests on the Idavada
Volcanics (lower Pliocene) and, according to its K-Ar
age of 10.6 m.y., is itself early Pliocene in age.

Linear magnetic anomaly in north-central Nevada

A startlingly linear positive magnetic anomaly, 2 to
15 miles wide and nearly 150 miles long, has been
delineated on aeromagnetic maps by D. R. Mabey and
others in Eureka and Lander Counties, north-central
Nevada. This feature extends N. 25° W. from a point
10 miles southwest of Eureka to a point 12 miles west
of Midas. It ranges in amplitude from 25 gammas near
the ends to more than 400 gammas in the central part,
where the anomaly is clearly associated with a dike
swarm believed to have fed Tertiary basalt flows which
occur along most of its extent. The anomaly appears to
be too extensive, however, to be accounted for entirely
by the observed dikes and flows, suggesting the possible
existence of additional magnetic material at depth.
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UTAH

Raft River Mountains

Continuing study of the Raft River Mountains, north-
western Utah, by R. R. Compton has shown that folded
and deformed Paleozoic(?) rocks lying in thrust con-
tact in Precambrian basement rocks and overlain by
a thrust sheet of unmetamorphosed Oquirrh Formation
owe their pervasive east- and northeast-trending linea-
tions to a set of isoclinal folds whose axes trend nearly
east and are strongly overturned to the north. Similar
folds and lineations are also recognized throughout the
Grouse Creek Mountains to the southwest. Fabric
studies of these and associated rocks indicate that the
axis of maximum compression is vertical or steeply
inclined, suggesting that gravity was the dominant
deforming force.

Source of Keetley volcanic field

Mapping by C. S. Bromfield east of Park City,
northern Utal, has disclosed a subcircular volcanic cen-
ter with crudely radiating dikes which apparently was
the source of dark pyroxene-andesite flows that are the
youngest unit in this part of the Keetley volcanic field.
This center, about 3 miles northeast of Keetley, together
with several shallow rhyodacitic intrusives inside the
edge of the Park City East quadrangle and near the
edge of the Heber quadrangle about 114 miles southeast
of Keetley, may be the source of most of the volcanic
rocks in the field. They lie along an extension of the
Uinta axis and form a natural eastward prolongation
of the intrusive belt in the central Wasatch Mountains.

ARIZONA
Laramide orogeny

The Laramide tectonic history of an area extending
roughly east and south from Tucson, southern Arizona,
has been synthesized by H. D. Drewes from available
geologic mapping, which now covers virtually all the
exposed bedrock. An early tectonic phase involves
northeast-directed stresses leading to the formation of
northwest-trending fold axes and thrust faults. This
episode of deformation predates the Fort Crittenden
Formation (Upper Cretaceous) and related volcanic
rocks dated at 72 m.y. —

Following an epoch of quiescence, a late phase of
the orogeny began that is best expressed in the Helvetia
mining district. Northwest-directed thrust faults and
northwest-trending tear faults were formed almost con-
temporaneously with intrusions of quartz-monzonite
dated as 57 to 52 m.y. old.

Cretaceous sedimentation in southeastern Arizona is
recognized by P. T. Hayes to reflect the structural
history described above. Lower Cretaceous strata, in-
cluding the Bisbee Formation, the Amole Arkose of
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Brown (1939), and their correlatives, are involv~d in
thrusting and strong deformation over much of s>uth-
easternmost Arizona. As a result, they are separated by
a widespread unconformity from the less deformed and
less metamorphosed Upper Cretaceous strata. Or this
basis, the early phase of the Laramide orogeny is
believed to have occurred in late Turonian time.

PACIFIC COAST REGION

Cenozoic strata and faulting in coastal California

New understanding of the complex faults and Terti-
ary strata that characterize coastal central and southern
California was obtained by field studies in the Los
Angeles Basin and Santa Monica Mountains, and in the
San Gabriel, San Bernardino, and Santa Cruz
Mountains.

The character and structural relationships of the
Malibu Bowl thrust fault in the Santa Monica Moun-
tains and the Los Angeles Basin have been investigated
by R. H. Campbell and R. F. Yerkes. Campbell renorts
that a sedimentary breccia in middle Miocene strata of
the upper plate in the Point Dume quadrangle contains
blocks of Sespe Formation (late Eocene to early Mio-
cene) and Vaqueros Sandstone (early Miocene). The
nearest area where the middle Miocene rocks lie uncon-
formably on Sespe and Vaqueros is in the Simi Hills to
the north. These relationships suggest that the thrust
sheet slid southward from the ancestral Simi Hills
uplift.

A segment of the Malibu Bowl thrust sheet is re-
sponsible for the hitherto puzzling stratigraphic rela-
tionships of the Topanga Formation. This middle Mio-
cene formation, with its characteristic shallow-vater
megafauna, is widespread in the Los Angeles Basir and
has long served as a useful geologic reference. At its
type locality along the Old Topanga Canyon Road in
the central Santa Monica Mountains, the Topang» ap-
pears to overlie the Sespe Formation. About 3 miles to
the southwest, strata of Vaqueros age intervene bet-veen
the Sespe and the Topanga, so that an unconformity
was suspected at the base of the Topanga in its type
locality. Recent mapping in this area by Yerkes has
demonstrated that a segment of the Malibu Bowl thrust
fault forms the contact between the Topanga and fespe
Formations, and that about 2,000 feet of Sespe s‘rata
are truncated by the fault along the northeast margin
of the Sespe exposures.

The Pearlblossom—Desert Hot Springs segment of
the San Andreas fault is a fault zone that is as much
as 20 miles wide, according to mapping by T. W. Dib-
blee, Jr. Strands anastomose through nearly all of the
San Gabriel Mountains, southern San Bernardino
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Mountains, and the San Bernardino-Redlands urban
area. Some strands that were formerly highly active
have become inactive, and vice versa. The mapping has
indicated at least 160 miles of right-lateral movement
on this fault system.

The complex stratigraphic relations produced by con-
temporaneous intrabasin faulting and active sedimenta-
tion were illustrated by recent work in the Santa Cruz
Tertiary basin, which is adjacent to the San Andreas
fault. J. C. Clark, in collaboration with J. D. Reitman
(Univ. of Calif. at Santa Barbara), has shown that the
Zayante hinge line of the Santa Cruz basin is a continu-
ous feature from the Zayante fault in the Felton quad-
rangle to the Vergelles fault in the San Juan Bautista
quadrangle (Santa Cruz and San Benito Counties).
Bathyl deposition across the future site of the hinge line
during the Eocene was followed by shallowing along
the hinge line during early Miocene time. Continuing
uplift resulted in emergence of a crystalline complex
south of the line. Deposition of continental sediments
along the hinge line ended its importance as a struc-
tural feature during the middle Miocene.

Mesozoic stratigraphy and structural relations in Klamath
Mountains and adjacent areas

Biostratigraphic zonation has been successfully uti-
lized to subdivide a monotonous sequence of strata
20,000 feet thick near Paskenta, Calif. (northwest edge
of Sacramento Valley). D. L. Jones and E. H. Bailey
have established six zones in the sequence, on the basis
of species of Buchia. Liate Jurassic (Tithonian) and
Early Cretaceous (Berrissian and Valanginian) stages
are represented. The relationship of the Buchia zones
to the standard European stages was confirmed by a
study of the ammonites by R. W. Imlay. These strata
trend north, dip steeply east, and are cut by three major
northwest-trending faults, named from south to north
the Paskenta, Elder Creek, and Cold Fork faults. South
of the Paskenta fault, the lower 5 zones are present, but
zones 3 to 5 are thin. North of the Paskenta fault,
zones 3 to 5 are 10 times as thick. North of the Elder
Creek fault, only zones 5 and 6 are present and are still
thicker and lithologically different from strata to the
south. North of the Cold Fork fault, the entire Buchia-
bearing sequence is gone and the oldest Cretaceous rocks
belong to the younger Hauterivian stage and rest on
basement rocks of the Klamath Mountains.

Jones and Bailey believe that the three faults are
strike-slip faults and have brought together strata of
differing thickness from different parts of a sedimentary
basin. Total displacement across the three faults is un-
known but is certainly large and may amount to tens of
miles.

RESOURCES INVESTIGATIONS

Recent fieldwork has made substantial progress toward
unraveling the puzzling relationships of the Galice,
Rogue, and Dothan Formations in the Klamath Moun-
tains. W. P. Irwin and E. W. Wolfe repovt that the
contact between the Galice(?) Formation and the Tri-
assic and Paleozoic rocks in the Pickett Peak quad-
rangle, west-central Trinity County, Calif., is a re-
gionally important east-dipping thrust fault that brings
Triassic and Paleozoic rocks from the east over the
Galice( ?). Thrusting was later than both th~ intrusion
of the Galice(?) by the Glen Creek gabbro-ultramafic
complex and the intrusion of the upper plate rocks by
the Bear Wallow diorite complex.

New roadcuts in western Josephine County, Oreg.,
have exposed the contact between the Rogue snd Dothan
Formations, according to P. E. Hotz. The Dothan, of
uncertain age but possibly correlative with the Upper
Jurassic and Cretaceous Franciscan Formation, was
formerly thought to underlie the Rogue with deposi-
tional contact. The new exposures show that the contact
is an east-dipping fault. It is believed to he a major
thrust fault with the Rogue overriding the Dothan from
the east. The Galice Formation (Late Jurassic) struc-
turally overlies the Rogue in this area, but their strati-
graphic relationship is still uncertain.

Lawsonite-crossite schist showing at least two periods
of deformation has been discovered in a window of
pre-Tertiary rocks in north-central Oregcn, directly
along the proposed northeast trend of the Fraser
eugeosynclinal belt of the Cordilleran geosyncline. The
schist, which was found in Myers Canyon, near Mitchell,
by D. A. Swanson, is associated with chert, mafic meta-
volecanic rocks, and marble containing poorly preserved
Permian fusilinids. It is overlain by graywn~cke, shale,
and conglomerate of Lower Cretaceous age. The
lawsonite-crossite schist indicates that, at least locally,
this part of the eugeosyncline underwent high pressure—
low temperature metamnorphism, similar to that occur-
ring along the sole of a major thrust feult in the
Klamath Mountains in California (M. C. Blake, Jr.,
and others, r0002).

Ultramafic-rock studies

New gravity and magnetic data along the eastern
margin of the San Joaquin Valley have defined an
anomaly with similar characteristics and in parallel
position to a well-known major anomaly that under-
lies alluvium to the west. The recently discovered
anomaly extends southward from a point east of Fresno
through Smith Mountain, the Venice Hills, and into the
Sierra foothills east of Exeter, according to H. W.
Oliver. In both the Exeter and Smith Mountain areas,
mafic intrusive rocks are present and ultramafic rocks
are either known or suspected at depth. Thevefore, this
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anomaly is thought to be the result of the mafie and
ultramafic intrusive rocks rather than of volcanic rocks
or some phenomenon associated with isostatic compen-
sation of the Sierra Nevada. By analogy, the larger
anomaly to the west is thought to have a similar origin.

Intense fracturing as well as folding have been found
to characterize the harzburgite and dunite of the Burro
Mountain ultramafic body in Monterey County, Calif.
This body is being studied as part of an integrated study
of Coast Range alpine-type ultramafic rocks by R. A.
Loney, G. R. Himmelberg, N. J. Page, and R. G. Cole-
man. Serpentine is related to the fracturing, the amount
of serpentine increasing markedly near shear zones
where fracturing is most intense. Partly serpentinized
mylonite zones containing no sheared serpentine in-
dicate that fracturing started before serpentinization;
the fractures provided channels for the water of ser-
pentinization. The products of serpentinization—ser-
pentine minerals and brucite—became more iron-rich as
serpentinization progressed. Enstatite altered to “bas-
tite” (lizardite), while olivine formed lizardite-
clinochrysotile-brucite,

Gravity study of alpine-type vltramafic masses

Gravity measurements made by George Thompson
over outcrops of alpine-type ultramafic masses in the
Pacific coast area indicate that most masses are asso-
ciated with weakly positive anomalies. However,
strongly serpentinized bodies yield weakly negative
anomalies. The absence of strong positive anomalies
precludes downward extension of dense rock to great
depth and suggests that the ultramafic masses are root-
less. Interpretations by Russ Robinson of aeromagnetic
data for the Twin Sisters, Wash., dunite mass support
this conclusion and in addition show that serpentine
cannot underlie the dunite except possibly near the mar-
gins. The geophysical data are consistent with the
hypothesis of tectonic emplacement at subsolidus
temperatures.

Pattern of faulting in Foothills fault system of Mother
Lode belt

Mapping in the Mother Lode mineralized belt, Ama-
dor County, Calif., by R. V. Sharp and W. A. Duffield
has shown that the Foothills fault system is much more
complex than previously demonstrated. The Bear
Mountain and Melones fault zones, 6 to 10 miles apart
and trending northwest, bound a block which is itself
complexly faulted, especially so in its western part. A
large proportion of the faults trend east of north, and
they both truncate and are cut by faults bearing north-
west, subparallel to the system as a whole. The resulting
pattern of faulting resembles a mosaic of prisms whose
boundaries are nearly vertical. Limited lateral continu-
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ity of the faults suggests that both sets were simul-
taneously active and that movements were probably ver-
tical. Movement on some of the faults occurred in
Cenozoic time.

Western extension of Belt Supergroup in northecstern
Washington

Recent work in the Chewelah quadrangles has resulted
in discovery of a section of rocks of the Belt Swper-
group similar to those near Coeur d’Alene, Idaho. F. K.
Miller and A. B. Griggs report that this section, for-
merly thought to belong to the Deer Trail Group (Pre-
cambrian), actually contains the Prichard, Burke, St.
Regis, Revett, Wallace, and probably the Striped Peak
Formations of the Belt Supergroup. They are similar
in thickness and lithology to the section near Coeur
d’Alene.

Rocks known to belong to the Deer Trail Groun are
present within 4 miles of rocks belonging to the upper
part of the Belt Supergroup. There are definite simi-
larities between the two major Precambrian sections,
but correlations are not yet possible. Important differ-
ences between the two sections also exist and suggest
the possibility that the sections originated some distance
apart and have been faulted together.

Volcanic rocks and stratigraphy in Washington and
Oregon

Reconnaissance mapping in the Harney Basin, Burns
AMS quadrangle, southeastern Oregon, has delin~ated
most of three extensive Pliocene ash-flow tuff sheets,
all of which are well exposed in Devine Canyon, along
Route 395 north of Burns. These welded tuffs and inter-
bedded sediments constitute most of the Danforth For-
mation. R. C. Greene and G. W. Walker report that
the basal unit, of early Pliocene age, is rich in cr7stals
of alkali feldspar and g-quartz. Total extent of this
ash-flow tuff may exceed 3,600 sq mi. The middle unit
is completely free of crystals and contains little pumice
or rock fragments. The central part is characteriz>d by
large spherical gas cavities. Its extent may be as much
as 1,500 sq mi. The upper unit, of middle Pliocene age,
is characterized by a prominent central lithophysal zone
and a dense upper zone with abundant flattened pumice
fragments. Total extent of this upper tuff is about 3,500
to 4,000 sq mi.

Complex assemblages of volcanic mudflows interbed-
ded with coarse fluvial gravels that form terraces in
several valleys heading on Mount Rainier, Wash., are
reported by D. R. Crandell. Each assemblage shows
repeated aggradation of the valley floor alternating
with downcutting. The mudflow deposits are the result
of an extended period of volcanism, and the youngest
assemblage is believed to be the result of eruptions that
built the volcano’s present summit cone.
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D. R. Mullineaux reports finding scattered fragments
of gray to brown pumice as large as 2 inches in diameter
on top of young moraines of the Emmons and Ohana-
pecosh Glaciers at the east base of Mount Rainier.
Tree-ring dating of the moraines by R. S. Sigafoos and
E. L. Hendricks indicates that the pumice is probably
between 110 and 130 years old. It records the most recent
known eruption of new magma by Mount Rainier,
whereas new magma was formerly thought to have been
last erupted about 2,000 years ago.

Intrusive rocks from coastal
Washington

An unusual sill of granophyric ferrogabbro from the
central Oregon Coast Range is being studied by N. S.
MacLeod and P. D. Snavely, Jr. The sill, of Oligocene
age, underlies much of the area between Stott Mountain
and Laurel Mountain. The magma that produced this
sill had a high Fe/Mg ratio (about 9) that changed but
little during differentiation. This sill differs from
related sills in the central Oregon Coast Range, which
have lower initial Fe/Mg ratios that increased during
differentiation. The lower chilled margin of this sill
contains about 57.5 percent SiQO,, 14.6 percent FeO
+Fe,0;, and 1.5 percent MgO, and grades upward into
granophyric ferrogabbro that near the center of the sill
has about 51 percent SiQ., 18.5 percent FeQ+ Fe,0,,
and 2.2 percent MgQO. Near the top of the sill is a zone of
ferrogranophyre, pegmatite, and granophyre. The
granophyre, representing the final differentiate, con-
tains up to 76 percent Si0,, 1.5 to 8 percent FeO+ Fe,O;,
less than 0.3 percent MgQ, and about 8 percent total
alkalies. The bulk composition of the sill is nearly iden-
tical with the composition of the chilled margins, indi-
cating that differentiation took place in a closed system
with respect to the major cations.

Oregon and northern

RESOURCES INVESTIGATIONS

An east-west belt of alkaline intrusive roc*s in north-
ern Stevens County, Wash., and adjacent British Co-
lumbia may have been derived from a sowrce in the
mantle, according to R. G. Yates. These intrusives,
dated by J. C. Engels at 50 m.y., include uncommon
type such as shonkinite and lamprophyres. T)ey are sim-
ilar in composition and age to alkaline intrusives in
Montana, which fall on an eastward projection of the
belt, suggesting a genetic relationship. If such a correla-
tion is valid, the intrusive belt, crossing the grain of the
continent from Precambrian craton to Mesozoic eugeo-
syncline, would seem to be controlled by stractures and
magma sources at great depth.

New information by C. D. Rinehart and K. F. Fox,
Jr., on the alkalic rocks of the northern Okanogan
Highlands in Washington is presented ir “Plutonic
Rocks and Magmatic Processes” in the section “Geologic
and Hydrologic Principles, Processes, and Techniques.”

Geochronology

Recent K-Ar dating studies suggest that plutonism
in the Cordilleran region is periodic in natnre. A com-
pilation by J. F. Evernden (Univ. of Calif.) and R. W.
Kistler shows that 5 major pulses of Mesozoic pluto-
nism, on the basis of granitic rocks from 230 localities
in California and Nevada, occurred during the interval
from Middle Triassic to Late Cretaceous. Their ages are
as follows: (1) 210-195 m.y., (2) 180-160 m.y., (3) 148-
132 m.y., (4) 121-104 m.y., and (5) 90-77 m.y. Addi-
tional data from South America and British Columbia
suggest that periodic plutonism is a feature of the
entire Cordilleran region.

The results of recent K-Ar dating studies are sum-
marized in table 2.

TaBLE 2.—K-Ar dates from California and Washingion

Area, pluton, and (or) rock type Age (years) Mineral Investigator Note at
end of table
California
Southern California batholith:
Main part. . ... ___________ 91-104.9 X 10° Biotite, hornblende.______ Daﬁileottfried, R. W. 1
istler.
San Jacinto Mountains, tonalite_____ 85.9 X 108 Biotite.________________ Do.
Lo T 87.7 X 108 Hornblende___.__________ Do.
Roubidoux granite_. _______________ 94.2 X 10 Biotite. __.__.________._. Do.
Lo Y 95.0 X 108 Hornblende__ .. _.________ Do.
Woodson Mountain Granodiorite____ 98.4 X 108 Biotite____.____._________ Do.
Do .. 101.9 X 108 Hornblende.____________ Do.
Mono and Inyo Craters:
Rhyolites. ________________________ 6, 400-10, 200 Sanidine._______________ G. B. Dalrymple. 2
Klamath Mountains:
Pit River stock (oldest plutonic 246 X 108 ___ .. M. A. Lanphere, W. P. Irwin, 3
group). P. E. Hotz.
Intermediate-age plutonic group..___ 165-167 X 108 ________ ... Do.
Do . _______ 145-155 X 10% __ _ _ o ___ Do.
Youngest plutonic group____________ 127-140 X 108 _____ Do.
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TaBLE 2.—K-Ar dates from California and Washington—Continued

Area, pluton, and (or) rock type Age (years) Mineral Investigator No*e at
end of table
‘Washington
Northern Cascade Mountains:
Large plutons____________ _________ 8 X 108 ____ __ ... J. C. Engels, F. W. Cater, Jr., 4
D. F. Crowder, C. A.
Hopson, M. H. Staatz,
R. W. Tabor.
Do . 65 X 10 ___ o oa- Do.
Do . 45 X 108 __ _ ... Do.
Do oL 20 X 108 ___ ... Do.
Methow graben:
Pasayten and Rock Creek dikes. . ___ 86 X 108 ___ __ o _____ J. C. Engles, R. W. Tabor, 5
M. H. Staataz.
Castle Peak stoek__._____.__________ 50 X 108 _ . _ . _______. Do.
Monument Peak stock._ .. __________ 48 X 108 __ ... Do.
Loomis quadrangle:
Four plutons_____________________. 115-190 X 10® Hornblende_.___________ J. C. Engels, C. D. Rinehart, 6
K. F. Fox, Jr.
Osl?ylgos plutons and Colville batho- 50 X 10¢ Biotite, muscovite.__.___ Do.
ith.
Coﬁvige 30-minute quadrangle (north
alf) :
Spirit pluton and Kaniksu batholith.. 100+3 X 108 __________________.___..._ J. C. Engels, R. G. Yates. 7
Flowsand dikes. . _______________._ 50+ 15 X 10% Biotite, hornblende.. .. _. Do.
Chewelah 1 and 4 quadrangles_______ 50 X 10¢ Biotite_ .. __ ... ._______ J. C. Engels, F. K. Miller. 8

NoTES :

1. K-Ar ages of hornblende-biotite pairs are reasonably con-
cordant, but some are notably less than Plbsw/Us:s ages on zircon
from the same rocks—116 m.y. for the Roubidoux granite and
119 m.y. for the Woodson Mountain Granodiorite (Banks and
Silver).! It is concluded that the K—Ar ages reflect geologic events
subsequent to their crystallization.

2. K-Ar ages have been successfully determined for these
Holocene rhyolite domes. Statistical analysis suggests that real
differences in age were detected between three of the domes.
The ages are consistent with ionium ages on five of the samples
and with glacial and C* evidence of age.

3. The Nevadan orogeny in the Klamath Mountains is re-
stricted to the Middle and Late Jurassic. It is represented by
the younger three of the plutonic groups whose ages are reported.
These are accompanied by deformation and metamorphism of

. 1P, Ol.uBan2k;5an% L. ’1‘i sgvier,tlass, Et‘iraluasion of Gthe gecay Rconstalﬁt
of uranium rom lead isotope ratios: Jour. Geophys. Research,
v. 71, no, 16, p. 4037-4046. e

2G. A. Davis and P, W. Lipman, 1962, Revised structural sequence
of pre-Cretaceous metamorphic rocks in the southern Klamath Moun-
tains, California: Geol. Soc. America Bull, v. 73, no. 12, p. 1547-1552.

ALASKA

During the past year, geologic mapping and geo-
physical programs, as well as heavy-metal, biostrati-
graphic, geochemical, and geochronologic investiga-
tions, were carried out in several of the major regional
subdivisions of the State. This work has resulted in new
scientific and economic findings of significance, which
are summarized below. An index map (fig. 2) shows the
boundaries of the regions referred to.

GENERAL

Devonian rocks of Alaska
Devonian rocks are widespread in Alaska but are in-
completely known. A recent analysis by J. T. Dutro, Jr.,

the Stuart Fork Formation of Davis and Lipman (1962)* and
schists of Condrey Mountain.

4. The ages reported are believed to indicate pulses in the
magmatic activity which has been adding material to the North-
ern Cascade Mountains since the Cretaceous. At least one pl~ton
grades into volcanic rocks.

5. These ages are believed to define two periods of plutonism
which may be related to the periods of plutonism in the core of
the Cascades.

6. The ages of hornblende from the four plutons show l-rge
discordances with ages of the coexisting biotite. The younger
ages of micas from the Osoyoos pluton and Colville bath-lith
are believed to date a late metamorphic event, perhaps the one
that disturbed the biotites of the four older plutons, rather than
indicate the age of Colville-Osoyo00s intrusion.

7. These ages indicate two major intrusive events in northern
Washington. Two of the dikes having ages in the 50-m.y. ronge
have been tentatively correlated with the Coryell batholith rorth
of the international boundary. If this correlation is correect,
then plutonism as well as voleanism occurred at this time.

8. These rocks give discordant ages on mineral pairs. The
50-m.y. ages is believed to represent only the age of the last
metamorphism.

of existing knowledge permits recognition of the major
structural features that existed during the Devonian.
The main structural elements were a eugeosynclinal
province in southeastern Alaska, a miogeosynclinal
province in arctic Alaska, and a possible intervening
shelflike environment in the vicinity of the Porcupine
and Kuskokwim Rivers in central Alaska.

No Lower Devonian rocks have been recognizec in
northern Alaska. In the Brooks Range, the Middle
Devonian is represented by about 2,000 feet of limestone
and shale (probably including most of the Skajit Lie-
stone), that locally may include some mafic dikes and
voleaniclastic rocks. Plant-bearing rocks of probeble
Middle Devonian age were found in Topagoruk test
well 1 near Barrow. The Upper Devonian consists of a
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F1¢URE 2.—Index map of Alaska, showing boundaries of regions referred to in discussion of Alaskan geo'ogy.

few thousand feet of unnamed Frasnian limestone and
clastic rocks overlain by a Frasnian through Famen-
nian (or younger) sequence of shale, sandstone, and
conglomerate (Hunt Fork Shale, Kanayut and
Kekiktuk (?) Conglomerates) as much as 10,000 feet
thick.

Paleogeographic reconstructions suggest that in
southeastern Alaska, clastic and possibly some volcanic
rocks were derived from emergent sources within the
geosyncline and that carbonate banks were developed
locally. Submarine voleanism took place in northwest-
trending troughs. In arctic Alaska a sequence of coarse
clastic rocks was deposited from an emergent region
near the Arctic Ocean, and carbonate rocks accumulated
on a probable shelf along the Porcupine and Kuskokwim
Rivers. In the northeastern Brooks Range, evidence of
pre-Mississippian folding and intrusion of granite at
Mount Michelson (dated as Devonian by the Pb-«
method) indicate middle Paleozoic orogency in the
northern emergent area.

Gravity map of Alaska

A rapid increase in the gravity coverage of Alaska
has permitted a significantly improved map of the State.
This map, which was originally prepared for the Na-
tional Atlas by D. F. Barnes, shows major geologic
variations within the State and can be used to focus more
extensive geophysical exploration on areas of particular
interest. The range of Bouguer gravity anomalies is
smaller in Alaska than in other parts of North America,
although the State can be divided into three areas, each
with distinctive gravity and probable crustal-thickness
variations. A long belt of low gravity (—60 to —110
mgal) extends from the northern Yukon korder west-
ward to a distinct termination east of the Noatak River
and is produced by crustal thickening I-neath the
Brooks Range. Throughout its length this low belt is
bounded by a gradual gravity rise beneath the Arctic
slope and a sharp gravity rise to a belt of di~continuous
highs along the southern foothills. Between the Brooks
Range and the Alaska Range, gravity anomalies average
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near zero and the crust is probably thin over a broad
area including the Yukon-Tanana Upland, the Seward
Peninsula, and much of the Bering and Chukchi shelves.
Many local gravity variations within it range from —45
to +45 mgal, but most of these anomalies may be ex-
plained by local intrusive bodies or small sedimentary
basins. South of this broad area, large gravity lows
represent significant crustal adjustment beneath the
mountainous parts of the Alaska, Wrangell, and Chu-
gach Mountain Ranges, but the lowest gravity in all
Alaska may be associated with the Cook Inlet sedi-
mentary basin where Bouguer anomalies lower than
—145 mgal have been measured. The anomalies along
the south coast are large and form a series of arcuate
belts that splay out at the continental end of the
Aleutian are.

NEW PALEONTOLOGICAL DISCOVERIES IN ALASKA

Silurian

The first conodonts reported from southeastern Alaska
are under study by A. T. Ovenshine and G. D. Webster.
They date the limestone formation that makes up most
of Kosciusko and Heceta Islands as ranging in age
from late Early Silurian to Late Silurian.

Devonian

Two new fossil localities of Devonian age on Hotspur
Island, near Annette Island, contain the first reported
occurrences of tentaculids and conodonts in southern
southeastern Alaska, according to H. C. Berg.

Pennsylvanian

On Prince of Wales Island, in southeastern Alaska,
about a thousand feet of rocks of late Paleozoic age was
sampled for Foraminifera by R. C. Douglass. The sec-
tion yielded examples of Millerella, Pseudostaffella,
and Fusulinella, but no more advanced forms were
found. Apparently the youngest parts of the section
exposed are of Middle Pennsylvanian age.

Permian

Initial study of the brachiopods of the Tahkandit
Limestone by R. E. Grant in east-central Alaska sug-
gests an early Late Permian (late Guadalupe) age,
roughly correlative with the “Svalbardian” of East
Greenland and Spitzbergen. Further study should pro-
duce a somewhat more refined correlation with other
Arctic areas.

Triassic

Triassic fossils have been discovered on Kodiak Is-
land, in southwestern Alaska, that date pact o1 a veit
of rocks on the northwest side of the island that had
not previously yielded fossils. This belt is thrust to the
southeast over later Mesozoic rocks that constitute the
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bulk of the central part of the island. A specimen of
limestone collected by G. W. Moore from the west side
of Uyak Bay contains fragments of fossil gastronods,
pelecypods, echinoderms, and coelenterates. According
to N. J. Silberling, the most age-diagnostic orgsnism
recognizable in polished slabs of the limestone is the
spongimorphid hydrozoan Spongiomorpha. This genus
is evidently restricted to rocks of Late Triassic age,
as the species present on Kodiak Island also occurs in
richly fossiliferous Upper Triassic rocks at Cape Ke-
kurnoi, directly across Shelikof Strait on the Alaska
mainland.

NORTHERN ALASKA

Coal reserves along Kukpowruk River

Twelve Cretaceous coal beds that range in thickness
from 3 to 20 feet were located along the Kukpowruk
River in the Howard syncline in northwestern Alaska
by A. A. Wanek and J. E. Callahan. Tests indicate that
a 20-foot coal bed and several thinner beds have cok-
ing properties. Shallow drilling with a portable dia-
mond drill shows that the 20-foot bed maintains its
thickness for at least 114 miles east of the Kukpowruk
River and 1 mile west of the river. On the basis cf the
outcrops at the river and the drill holes east of the river,
indicated reserves of coal in the 20-foot bed are 7t mil-
lion tons, of which about 12 million tons would be
strippable.

WEST-CENTRAL ALASKA

Regional mapping of Yukon-Koyukuk basin

Geologic mapping of approximately 14,000 sa mi
in the northwestern part of the Yukon-Koyukuk Cre-
taceous basin was completed this year by W. W. Pat-
ton, Jr., T. P. Miller, and I. L. Tailleur. This pert of
the Yukon-Koyukuk basin consists of a narrow sedi-
mentary trough along the Kobuk River flanked on the
south by a broadly geanticlinal volcanic-plutonic com-
plex, the Hogatza trend. The Cretaceous sedimentary
sequence of the Kobuk trough consists of an estimated
6,000 to 10,000 feet of Lower Cretaceous grayvracke
“flysch” deposits unconformably overlain by more than
3,000 feet of Upper Cretaceous quartz conglomerate
and coal-bearing deposits. The rocks of the Hovatza
trend are chiefly lowest Cretaceous andesitic volcan-
iclastic rocks and flows which are intruded on the west
by syenite and monzonite plutons of late Early Creta-
ceous age and on the east by granodiorite and quartz
monzonite plutons of Late Cretaceous age. Small
patches of Unner Cretaceous rhyolite and latite flows
and tutfs, which appear to be alined along a nortl ~ast-
trending fracture zone, occur in the south-central part
of the Hogatza trend.



A40

Nature of Kaltag fault

The Kaltag fault has been traced for a distance of
275 miles across west-central Alaska from Norton Sound
to Tanana. Reconnaissance geologic mapping by W. W.
Patton, Jr., and J. M. Hoare along the fault indicates
that between 40 and 80 miles of right-lateral offset may
have occured since the Cretaceous. Study of aerial pho-
tographs along the fault reveals evidence of recent ac-
tivity over nearly its entire length and of local drain-
age offset of as much as 115 miles. The remarkably
straight trend of the fault, its parallelism with known
and suspected strike-slip faults of southwestern Alaska,
and the evidence of major lateral dislocation suggest
that the Kaltag is a major strike-slip fault.

EAST-CENTRAL ALASKA

Permian stratigraphy and potential source of copper on
south fiank of eastern Alaska Range

Field mapping by D. M. Richter and M. A. Matson,
Jr., in the Nabesna quadrangle in an attempt to unravel
the stratigraphy and structure of the eastern Alaska
Range and to evaluate the area’s mineral potential has
disclosed a thicker and more varied Permian section
than heretofore recognized. A minimum of 10,000 feet
of Permian rocks is exposed in a relatively narrow belt
over 80 miles long on the south flank of the Alagka
Range and south of the major strike-slip Denali fault.
These strata dip at moderate angles to the north and
northeast and consist of three distinct stratigraphic
units: (1) a lower volcaniclastic unit with minor inter-
bedded andesite flows and tuffs and impure limestones
500 to 1,500 feet thick; (2) a middle marine sedimentary
unit consisting of thin- and thick-bedded fossiliferous
limestones interbedded with shale, argillite, and minor
coarser clastic rocks 4,000 to 7,000 feet thick (Mankomen
Formation), and (3) an upper amygdaloidal basalt unit
with interbedded massive reeflike limestones 5,000 to
7,000 feet thick. The lower volcaniclastic unit overlies
with apparent conformity a thick section of andesitic
volcanic rocks that may also be of Permian age. Thin-
bedded Triassic limestone and Jurassic and Cretaceous
argillites unconformably overlie the amygdaloidol ba-
salt unit.

The thick unit of Permian amygdaloidal basalt flows
warrants attention as a future potential source of cop-
per. Amygdule fillings consist principally of calcite,
quartz, chlorite, epidote, pumpellyite, prehnite, and
natrolite( ?). Native copper occurs in minor amounts
throughout the flows in amygdules, scoriaceous flow tops
and bottoms, and in fractures and local shear zones.
Bornite, and to a lesser extent chalcopyrite, is associated
with the native copper in many places, especially in the
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nonamygdular occurrences. Random grab saiples of the
basalt indicate a copper content ranging tetween 150
and 500 ppm, more than 2 times the average abundance
of copper in basalt. The petrography of th flows and
amygdule mineralogy is strikingly similar to the Pre-
cambrian Keweenawan basalts of northern Michigan
and the Triassic Nikolai Greenstone along the south
flank of the Wrangell Mountains in scnuth-central
Alaska.

New geological and structural interpretations in Fair-
banks area

The completion and tentative interpretation of the
first detailed geologic section across the Ester-Cleary
mineralized belt by R. B. Forbes and H. D. Pilkington
(both of the Univ. of Alaska), under a contract with the
Geological Survey, is a significant contribntion to an
understanding of the regional geology and the localiza-
tion of mineral deposits in the Fairbanks district. The
Cleary anticline, as previously mapped by several
geologists, is now believed to include two distinct
metamorphic-rock units that are probably separated by
a southward-dipping thrust fault. The Jower plate
includes eclogitic and other high-grade mretamorphic
rocks ; the upper plate rocks are of greenschist to am-
phibolite facies and are the host for most of the lode
deposits in the district. Structural complexity is dis-
tinctly greater in the lower plate unit. Gravity and
magnetic traverses by Ken Holden, Lennar* Anderson,
and Gordon Johnson lend support to this geologic and
structural interpretation.

Lower Paleozoic tectonic framework

A study of the middle Paleozoic stratigraphy, pale-
ontology, and tectonics of east-central Alasks by Michael
Churkin, Jr., and Earl Brabb permits recon-truction of
Paleozoic stratigraphic sections from the Arctic coast
to the Yukon River and from central Alaska to the
Northwest Territories, Canada. These reconstructions
suggest that east-central Alaska in early Paleozoic time
received thin shelf limestone and shale deposits and
was not part of the Cordilleran geosynclire. Further-
more, the Ordovician to Lower Devonian Richardson
Mountains trough was not a connecting link between
the Franklinian and Cordilleran geosynclines but in-
stead was a basin developed by differential subsidence
within the Yukon shelf. Lower Paleozoic rocks in north-
ernmost Alaska are largely unknown, but several lines
of indirect evidence suggest that a lower Pzleozoic geo-
syncline, perhaps largely destroyed by later earth move-
ments, lies along the northern edge of Alacka. Lastly,
the Paleozoic facies belts seem to have been displaced
along a combination of strike-slip and thrust faults.
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Structure in northeastern Alaska

As a result of reconnaissance mapping by W. P.
Brosgé and H. N. Reiser in the Coleen and Table Moun-
tain quadrangles in northeastern Alaska, a major high-
angle fault has been inferred to strike northeastward
across the Porcupine Plateau, separating blocks with
opposite regional strike and differing lithology in Mis-
sissippian rocks. Along the Porcupine River southeast of
this fault zone the pre-Mississippian rocks are mostly
platform carbonate and sandstone deposits and the re-
gional strike is northeastward, approximately parallel
to the fault zone and to the course of the Porcupine
River itself. Northwest of the fault zone the pre-Mis-
sissipian rocks are geosynclinal schist and conglomerate
similar to those in the Brooks Range, and the regional
strike is north to northwest. The boundary fault bet ween
the two blocks of contrasting rocks is in a covered in-
terval about 10 miles wide along the middle reach of
the Coleen River and probably extends northeastward
along Bilwaddy Creek to cross the United States-
Canada border near lat 68°15” N. The boundary is also
inferred to extend southwestward along an exposed
fault from the Coleen River to the northern margin
of the Yukon flats. In this area the older platform
facies is still exposed in the block southeast of the fault,
but because of the regional southwest dip of the rocks
in the northwest block, only Mississippian and younger
sedimentary and Jurassic volecanic rocks are exposed
northwest of the fault.

The inferred fault may have been active at several
times since the Late Devonian or Early Mississippian.
Pre-Mississippian rocks and possibly even basal Mis-
sissippian rocks differ markedly across the fault, but
stratigraphic trends in the overlying Carboniferous to
Permian limestones cross the fault with little or no
offset or change in thickness and lithology. The Permi-
an(?) siltstones above these limestones are alse similar
on both sides of the northeastern part of the inferred
fault. The exposed southwestern part of the fault, how-
ever, has been active since the Permian, because it cuts
Mesozoic sedimentary and volcanic rocks, and because
the Permian (%) siltstone sequences on both sides of this
portion of the fault are different. Correlations that may
establish relative movement between and within the two
blocks await K-Ar dating of granitic plutons and iden-
tification of fossil collections from the Carboniferous
and Permian(?) sedimentary rocks.

SOUTHWESTERN ALASKA

Volcanic rocks of Nunivak Island

Geologi¢ mapping and laboratory study by J. M.
Hoare and W. H. Condon indicate that most (98 per-
cent) of the volcanic rocks on Nunivak Island are
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tholeiitic, primarily olivine tholeiite, and the rest are
highly alkalic basalt, primarily basanite. Field observa-
tions supplemented by numerous radiometric age de-
terminations made by G. B. Dalrymple reveal that the
2 types of volcanic activity were interspersed over a
period of about 6 m.y. and that the youngest eruptions,
which were alkalic, overlap the youngest tholeiitic erup-
tions by about 0.3 m.y.

Effects of 1963 eruption of Augustine Volcano

Investigation by R. L. Detterman (p. C126-C12¢) of
Augustine Volcano on Augustine Island indicates that
the 1963 eruption was a laterally directed nuée arcente
eruption ; the total mass of debris erupted during 1963
64 was_about 120X10° cu yd. Also, the island was
uplifted 12 to 13 inches, probably as a result of the
1964 Good Friday earthquake.

Age of plutonic rocks of southern Alasko Range and
Aleutian Range

B. L. Reed and M. A. Lanphere have shown on the
basis of K-Ar mineral ages that plutonic rocks in an
area of approximately 22,000 sq mi in the southern
Alaska Range and the Aleutian Range can be assigned
to age groups that show differences in chemical char-
acteristics and geographic distribution. The plutonic
groups are Early and Middle Jurassic, Late Cre-
taceous and early Tertiary, and middle Tertiary in
age. Most of the plutonic rocks in the Aleutian Range
south of Iliamna Lake appear to be Jurassic, but rorth
of Iliamna Lake, Jurassic plutonic rocks seems to be
restricted to a belt on the southeast side of the Chigmit
Mountains-Alaska Range. In the western or north-
western part of the Alaska Range north of Ilismna
Lake, only Cretaceous and Tertiary plutonic rocks have
been found. Rocks rich in K-feldspar are predominant
in the Cretaceous and Tertiary plutons, but subordinate
in the Jurassic plutons. Most of the mineralization in
the region is associated with the Cretaceous and Ter“iary
plutons.

SOUTHERN ALASKA

Geology and ore deposits in southern Wra~aell

Mountains

Geologic mapping in the southern Wrangell Moun-
tains by E. M. MacKevett, Jr., has resulted in groatly
increased understanding of the structure and strati-
graphy of this region. The geologic record indicates that
two major orogenies occurred, one probably in the
Pennsylvanian and the other at or near the close of
the Jurassic or in the early Early Cretaceous. Three epi-
sodes of volcanism are documented in the region: the
first is represented by Permian lavas, the second by
Middle and (or) Upper Triassic Nikolai Greens‘one,
and the third by Tertiary to Quaternary Wrangell Lava.



A42

Most of the volcanic activity appears to have emanated
from a mobile belt approximately coincident with the
present trend of the Wrangell Mountains. The exten-
sive and generally fossiliferous Mesozoic sedimentary
rocks are dominantly marine shelf deposits, and are
overlain by continental sedimentary rocks and the
Wrangell Lava.

The project has generated much information on the
ore deposits of the region, which include Kennecott-
type copper sulfide lodes; copper-iron-sulfide and
native-copper deposits in the Nikolai Greenstone;
quartz vein deposits with gold, molybdenum and gold,
or antimony, arsenic, and gold; and placer deposits
that contain gold, silver, and copper. Many of the lode
deposits can be directly or inferentially related to
Tertiary plutonism. Many of the deposits are also in
part stratigraphically controlled. For example, the im-
portant Kennecott-type deposits are confined to the
lower, generally dolomitic parts of the Triassic Chiti-
stone Limestone. Recent work by A. K. Armstrong has
determined that the Chitistone Limestone formed en-
tirely or largely in shallow water in a back-reef en-
vironment and that much of its dolomite is probably
primary or early diagenetic. Laboratory investigations
relevant to the ore deposits of the region are in progress.

SOUTHEASTERN ALASKA

Isotopic relationships of ultramafic complexes

Geologic evidence suggests that a series of ultramafic
complexes along a 350-mile-long belt in southeastern
Alaska crystallized from magmas of ultramafic com-
position, according to M. A. Lanphere.?> Some geolo-
gists have proposed that these magmas were derived
from fractional fusion of ultramafic material in the
upper mantle. The Sr*7/Sr%¢ ratios, corrected for growth
of radiogenic Sr¥, in total-rock samples and in min-
erals from 4 ultramafic complexes, range from 0.7026 to
0.7068, and the K/Rb ratios in total-rock samples range
from 300 to 1,200. These ratios from the Alaskan rocks
are similar to ratios for oceanic volcanic rocks.

Geology of Annette Island

Reconnaissance mapping of central Annette Island
by H. C. Berg indicates that much of it is underlain by
a leucocratic trondhjemite stock and by smaller plutons
of quartz monzonite, granodiorite, and tonalite. The
trondhjemite has been strongly deformed, with large
parts marked by brecciation, fine milling, and develop-
ment of planar structures. Locally this cataclasis is
related to faults and shear zones, but in many places it

22 M. A. Lanphere, in press, Sr-Rb-K and Sr isotopic relationships iu

ultramafic rocks, southeastern Alaska: Amsterdam, North-Holland Pub-
lishing Co., Earth and Planetary Science Letters.
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is not, suggesting that some of the deformstion may be
protoclastic.

Preliminary thin-section and X-ray studi=s of bedded
rocks on the eastern side of the island indicate that they
include K-feldspar-rich rocks that closely resemble dis-
tinctively altered felsic volcanic rocks of Triassic age in
the Keku Islets area, some 150 miles to the northwest.
Should the units prove to be correlative, it may be pos-
sible to estimate the amount of right-lateral displace-
ment on the Clarence Strait fault, which lies between the
Annette Island-Keku TIslets areas, and is one of the
major structural features of southeastern Alaska.

PUERTO RICO

Structure of northern coastal region of Puerto Rico

A gravity survey of the northern coastal area by
Andrew Griscom indicates that Oligocene and Miocene
sedimentary rocks on land probably are ncwhere much
thicker than the 5,580 feet recorded in th> No. 4CPR
test well drilled between Arecibo and Barceloneta. The
gravity data indicate that about 9 miles east of Arecibo
an east-trending anticline extends for about 3 miles and
raises the basement surface about 1,100 feet. West of
Quebradillas and less than 2 miles offshore, an east-
trending fault with uplift on the north side is suggested
by gravity, magnetic, and topographic data.

Oligocene drainage in western Puerto Rico

Between San Sebastidn and Moca, in wertern Puerto
Rico, the Lares Limestone intertongues with and
grades laterally into clastic beds of clay, sand, gravel,
and cobbles, which have been mapped with the under-
lying San Sebasti4n Formation (W.H. Monroe, r2158).
These clastic beds indicate that in middle and late
Oligocene time a large but rapidly flowing river emptied
into the sea in this area. Clastic deposits of the Guaja-
taca Member of the overlying Cibao Formation show
that this river continued to flow until esrly Miocene
time. The river may have been an ancestral Rio Blanco,
and deposition of the clastic material may have stopped
when this river was captured by the Rio Afiasco.

Porphyry copper deposits in central Puerto Rico
Several “porphyry copper” deposits occur in apophy-
ses on the south side of the Utuado pluton. The deposits
occur as small veins and as disseminated grains of
chalcopyrite in quartz diorite and granodiorite. Two
deposits are in an area 5 km northeast of Adjuntas*
and two others are on the west side of the Rfo Tanam4
between Utuado and Lares (A. E. Nelson and O. T.
Tobisch, r2050). These deposits can be ecoromically de-
veloped, as shown by intensive drilling cerried out by

2 P, H, Mattson, in press, Geologic map of the Adjuutas quadrangle,
Puerto Rico: U.S. Geol. 'Survey Misc. Geol. Inv. Map I-519.
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copper-mining companies, but mining has not started.
Other deposits of copper are known in Puerto Rico, but
they have not been as thoroughly prospected by drilling.

GEOLOGIC MAPS

Much of the geologic and geophysical work of the
U.S. Geological Survey consists of mapping specific
areas, mostly for publication as quadrangle maps at
scales of 1:250,000, 1:62,500, and 1:24,000. Some of
these studies are for the purpose of extending geologic
knowledge in areas of known economic interest; some
are to gain detailed knowledge at localities or areas for
engineering planning or construction. Still other map-
ping studies are carried on with paleontology, sedi-
mentary petrology, or some other specialized topic as
the primary objective.

The systematic description and mapping of rock units
to show local and regiona] relations likewise constitute
a major scientific objective. Mapping the geology of the
United States is a mandate of the Organic Act establish-
ing the Geological Survey, and the completion of geo-
logic maps for the country at scales that will fulfill fore-
seeable needs and uses is a long-range goal.

LARGE-SCALE GEOLOGIC MAPS

Large-scale geologic mapping, principally at scales
of 1:24,000 and 1: 62,500, constitutes about four-fifths
of the geologic-mapping program of the Geological
Survey. Geologic maps at. a large scale are available for
only about 20 percent of the conterminous United
States. Approximately half of these maps have been
produced by the Geological Survey ; the remaining maps
were produced mostly by various State organizations
and educational institutions. The ultimate goal is to
obtain complete detailed geologic map coverage of the
entire Nation.

The Geological Survey is carrying out large-scale
geologic mapping projects in many parts of the coun-
try, with intensive cooperative programs underway in
Kentucky, Massachusetts, Connecticut, and Puerto
Rico. Other areas where extensive mapping is under-
way include Arizona, California, Colorado, Idaho,
Montana, Michigan, New Mexico, and Washington.

Large-scale geologic maps play a vital role in further-
ing scientific knowledge of the earth and have many
uses. Maps of mineralized areas are used to (1) locate
and explore for economic mineral deposits, (2) eluci-
date the scientific principles that underlie formation
and distribution of ore deposits, and (3) prepare re-
serve and resource estimates.

Geologic maps are used extensively in planning and
carrying out large-scale engineering works, in locating

damsites, in planning highway alinements and subway
routes, and so forth. Actual construction is aided
through location of construction materials and estima-
tion of costs in site preparation. In some areas, geologic
maps are indispensible in avoiding such hazards as
landslides, swelling clays, and those areas possibly sub-
ject to extensive seismic damage during earthquakes.

INTERMEDIATE-SCALE GEOLOGIC MAPS

Geologic mapping at a scale of 1:250,000 make~ up
an important part of the Geological Survey’s geologic-
investigations program. The 1: 250,000 and smaller srale
geologic maps generally are based upon the generaliza-
tion of available large-scale geologic maps surple-
mented by reconnaissance geologic mapping at inter-
mediate scales. Mapping at 1: 250,000 has now expanded
to a point where it constitutes about one-fifth of the
geologic-mapping program of the Geological Survey.
Many State geological surveys also have 1:250,000-
scale geologic-mapping programs which are undervay
or completed. This joint effort by the Federal and £'*ate
surveys as a nationwide program promises to provide
geologic-map coverage of two-thirds of the Urited
States by 1985,

The Geological Survey is participating in 1 : 250,000-
scale geologic-mapping programs that will prcvide
extensive or complete coverage of Alaska, Nevada,
Colorado, and Nebraska within a few years. Single-
sheet, 1° by 2° geologic maps have been started in parts
of Washington, Oregon, Idaho, Montana, Wyoming,
Utah, Arizona, New Mexico, Towa, North Carolina,
South Carolina, Tennessee, and Virginia. Figure 3
shows the areas of the conterminous United States
for which 1:250,000-scale geologic maps have been
published.

The 1:250,000-scale geologic maps have a variety of
uses. They help define areas where the need for lerger
scale maps is most critical, and they direct attention to
broad geologic problems involving large segments of the
earth’s crust. They have already proved to be ideal for
geologic analysis of major tectonic and stratigrephic
problems, for analysis of mineral provinces, and for re-
lating broad geophysical anomalies to surface geology.

MAPS OF LARGE REGIONS

The U.S. Geological Survey publishes a number of
geologic and geophysical maps of national or inter-
national scope. These maps of large regions bring to-
gether great amounts of information from many
sources—studies by Geological Survey personnel, and
published or unpublished information supplied by geol-
ogists of State geological surveys, private compsnies,
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and universities. These small-scale compilations pro-
vide regional geologic patterns and relations which
may be compared and correlated with many kinds of
earth-science data.

Cooperative projects

The U.S. Geological Survey collaborates with other
national scientific organizations and with international
groups in preparing some maps of large regions. The
tectonic map of North America, scale 1: 5,000,000, is
now in press. This map was compiled under the guid-
ance of P. B. King, U.S. Geological Survey, and will be
a part of the tectonic map of the world, a compilation
sponsored by the International Geological Congress.
The tectonic map of North America was an interna-
tional undertaking, and was assembled with the formal
and informal cooperation of other national geological
surveys in North America and with institutions and
individuals. The map gives a coordinated picture of the
tectonics of North America and is expected to influence
tectonic concepts and theories in the future; it may also
provide indirect leads to the discovery of areas favor-
able for the occurrence of new economic mineral
deposits.

The basement-rock map of the United States, scale
1:2,500,000, was published by the U.S. Geological Sur-
vey in 1968 (R. W. Bayley and W. R. Muehlberger,
r2017). It was sponsored by the Advanced Research
Projects Agency and the U.S. Air Force, Department
of Defense. The map was compiled under the direction
of W. R. Muehlberger, University of Texas, and R. W.
Bayley, U.S. Geological Survey. In addition to the con-
figuration of the basement rocks, the map shows the
lithology of the buried basement rocks, as determined
from the examination of thousands of cores and cuttings
from deep borings. Lithology is shown by colors and
patterns representing a few broad lithologic categories
which permit wide application. All areas of exposed
basement rocks, such as in the Lake Superior region,
have been revised to include the latest field data, and
have been grouped within the same broad lithologic
categories as used in the subsurface to facilitate surface
to subsurface correlations. Parts of the map show rocks
that are not basement rocks in the accepted sense, but
these departures are few and fully explained. The map
also shows selected structural features, and assumed
basement-connected intrusive igneous rocks of all ages.
The latter are divided as to geologic system by colors,
and to type, mafic or felsic, by patterns. The map is at a
scale twice as large as the basement-rock map of North
America that was published in 19672

2t American Association of Petroleum Geologists and U.S. Geological
Survey, 1967, Basement map of North America between latitudes 24°
and 60° N.: Washington, D.C., U.8. Geol. Survey, scale 1:5,000,000.
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Other cooperative maps in preparation include:

1. Metallogenic map of North America, scale 1:5.000,-
000. Contributions by the Geological Surveys or
equivalent organizations of Canada, Central
American countries, Greenland, and Mexico have
greatly assisted P. W. Guild in the task of pre-
paring a first version of a metallogenic mep of
North America. A committee sponsored by the
Commission for the Geological Map of the VWorld
and under the aegis of the International Geologi-
cal Congress and the International Union of
Geological Sciences met in Canada during 1967
and resolved methods of emphasizing the geologic-
tectonic settings of the ore deposits of the continent.

Two chief patterns or groups of deposit: are
emerging, one parallel to the depositional and de-
formational grain of the continent, the other
transverse to it. Ore deposits of the first group are
related to the development of geosynclines; they
formed either contemporaneously with the en-
closing rocks or within geologically moderate
periods of time after accumulation of the en-
closing rocks. Deposits of the second group may be
emplaced in much older rocks; some are knovn to
be related to deep fracture zones (geosutures) and
many others are suspected of having been localized
by structures of this nature. The association of
many large deposits of the second type with
ancient structures that show evidence of reprated
movement suggests deep, possibly mantle so-irces
for the contained metals. By contrast, even very
large but geologically young fractures are not
mineralized.

2. Geologic and geophysical maps of the Transconti-
nental Geophysical Survey Strip. The Transconti-
nental Geophysical Survey (TGS) Strip, a band
4° wide centered on lat 37° N. and exterding
across the United States and into the Atlantic and
Pacific Oceans, has been the focus for geophysical
and geologic surveys since 1962. During fiscal year
1968, twenty maps of the strip were compiled in
cooperation with the Environmental Science Serv-
ices Administration, Department of Commerce,
and the Aeronautical Chart and Information Cen-
ter, the Advanced Research Projects Agency, and
the Naval Oceanographic Office, Department of
Defense. These maps, which cover the area from
long 63° W. to 133° W., include bathymetric, geo-
logic, gravity, and magnetic maps at a scale
of 1:1,000,000, seismic profiles at a scale of
1:1,000,000, and radiometric age determinations
plotted at a scale of 1:7,500,000. The maps are in
press and will be published as Geological Survey
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Miscellaneous Geologic Investigations Maps I-531
through I-537.

3. Metamorphic map of North America, scale 1: 2,500,-
000. This map is being compiled for the Subcom-
mission for the Cartography of the Metamorphic
Belts of the World, a part of the Commission for
the Geologic Map of the World, which is affiliated
with the International Geological Congress and
the International Union of Geological Sciences.
Work on the map is being carried out in conjunc-
tion with other national geological surveys in
North America, with H. L. James, of the U.S.
Geological Survey, as chairman. In applicable
areas the map will show isograds (based on min-
erals in pelitic schists), regional metamorphic
facies, and metamorphic-facies series. Although
considerable generalization is necessary, the map
will be useful in portraying broad regional meta-
morphic trends, in revising and in formulating
tectonic concepts, and in considering large-scale
expressions of geothermal and geobaric gradients
as evidenced by metamorphic-mineral assemblages.

4. Geologic map of Arizona, scale 1:500,000. This map
was compiled in cooperation with the Arizona Bu-
reau of Mines and is being prepared for publication
as a single sheet by the U.S. Geological Survey.
The senior author was the late E. D. Wilson, of the
Arizona Bureau. The map was compiled from pub-
lished and unpublished detailed maps and exten-
sive reconnaissance mapping of intervening areas
by the Arizona Bureau of Mines and the U.S.
Geological Survey. It shows more than 75 geologic-
map units by colors and supplants the map pub-
lished nearly 50 years ago and long out of print.
Features not shown on the old map include fold
axes, many more faults, and a more detailed and
up-to-date breakdown of formations. The synthesis
of recent data on the structural features and the
distribution, lithology, and age relationships of
rock units should aid in many kinds of earth-
science investigations, including the search for new
mineral and fuel deposits.

Geologic map of United States

The geologic map of the United States, scale
1: 2,500,000, is being revised by P. B. King, assisted by
H. M. Beikman. This new compilation by the U.S.
Geological Survey will supersede the existing version,
issued in 1932, and will illustrate the vast increase in
knowledge of the areal geology in the United States
that has occurred in the past 35 years. The new map
will present a better unification of stratigraphic units
and a simplification of the existing map explanation.
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Radiometric dating and other new data will permit a
better classification of the Precambrian rocks, and of
Phanerozoic plutonic and voleanic rocks.

Paleotectonic maps

The Geological Survey’s program for comrilation of
paleotectonic maps of the conterminous United States
for each geologic system is continuing. Three folios,
consisting of maps and accompanying text, have been
published: the Jurassic System, in 1956; th» Triassic
System, in 1959 ; and the Permian System in 1967. Maps
and texts for folios on the Pennsylvanian and Missis-
sippian Systems are in preparation.

Folios for each geologic system contain two sets of
maps: a factual set at a scale of 1:5,000,00, and an
interpretive set mostly at a scale of 1:10,000,000. The
first set includes maps showing thickness of the system,
the thickness and lithofacies of divisions of the system
that have been broadly correlated for the conntry as a
whole, and geologic maps that show the distribution of
rocks underlying and rocks overlying the system. The
second set of maps shows reconstruction of the principal
tectonic elements that influenced deposition, £nd identi-
fies some of the environments of deposition and the
major directions of sediment transport.

New geologic maps of Appalachian region

A number of new State geologic maps of the north-
ern Appalachian region have been publishod during
the past 15 years, at scales of 1:250,000 and 1: 500,000.
These have made it worthwhile to prepare a map of the
entire region at a scale of 1:1,250,000 that covers the
area between the Delaware River and the Gulf of St.
Lawrence. The new map, compiled by W. S. "White, will
be much more generalized than the 1932 geologic map
of the United States in that only 11 kinds of geologic
units are differentiated, but it will embody a large num-
ber of the many revisions, reinterpretations, and reloca-
tions of geologic boundaries made since the older map
was published. The map will show the various units by
black-and-white patterns. The map, at a scale of
1: 500,000 and printed in black and red, is also to be used
in a forthcoming book on the northern Appalachian
region.

Several new State geologic maps of the central and
southern Appalachians have recently been published,
and a considerable amount of new data las become
available. This new information has been ircorporated
by J. C. Reed, Jr. (r1414), in a revised tectonic map of
the crystalline belt of the central and soutlh-rn Appa-
lachians betwen the Hudson River and Alsbama. The
revised map (scale 1:2,500,000) uses the ssme format
and symbols as the 1961 tectonic map of the United
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States, but shows a more up-to-date interpretation of
the stratigraphy and structure of the Blue Ridge and
Piedmont provinces. The map will also soon appear as
an illustration in a book on the central and southern
Appalachians,

A geologic map of Appalachia has recently been pub-
lished by the U.S. Geological Survey as a plate that
accompanies a report on the mineral resources of the
Appalachian region (U.S. Geol. Survey and U.S. Bur.
of Mines, r0924, pl. 2). The map shows 39 geologic units
and was compiled by D. P. Cox, R. L. Miller, A. A.
Drake, Jr., and J. B. Hadley from published and un-
published sources.

WATER RESOURCES

The U.S. Geological Survey investigates the occur-
rence, availability, and quality of surface and under-
ground waters and the sediment discharge of streams.
A national hydrologic-data network provides basic data
on the status of the nation’s water resources. During
1968, discharge and water-level data for surface waters
were collected at about 8,700 stream-gaging stations
and about 1,250 lake- and reservoir-level stations. The
quality of surface waters was monitored at about 2,450
stations—chemical, temperature, and sediment data
were collected. Continuous or periodic measurements of
ground-water levels were made in about 30,000 regular
network and project observation wells.

Included among these observation stations are about
47 hydrologic bench-mark stations which had been
established by the end of the fiscal year. Each of these
is in a small basin, as yet unaffected or little affected by
man’s activities, in which long-term hydrologic obser-
vations will be made. At present, in addition to the
stream gaging of each basin, water samples are being
collected for analysis. These observations provide a
basis for (1) understanding hydrologic changes that
may oceur in nearby basins as a result of man’s in-
fluence, and (2) documenting natural long-term hydro-
logic changes.

Basic hydrologic data collected by the Geological
Survey are published in the following Water-Supply
Paper series of the Geological Survey :

“Surface Water Supply of the United States,”
“Quality of Surface Waters of the United States,”
and

“Ground-Water Levels in the United States.”

The surface-water-supply series, formerly published
annually, is being published at 5-year intervals begin-
ning with the period 1961-65. Each series of reports is
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in 16 parts: 14 parts (determined by drainage basins)
for the 48 conterminous States and 1 each for Alaska
and Hawaii. The reports on water quality are published
annually. The water-quality records are grouped in
terms of the same drainage basins used for the revorts
on surface-water supply. The reports on ground-vater
levels, in 6 parts which represent geographical sections
of the country, represent 5-year periods, although the
periods are staggered so that 1 part ends in each of 4
successive years and 2 end in the fifth year. In adcition
to all these basic-data reports, another series of Water-
Supply Papers describes the magnitude and frequency
of floods for the entire country, by drainage-basin areas,
and another series describes notable floods each year.

Areal investigations of water resources are made
largely in cooperation with State, local, or Federal agen-
cies listed on page A209. These studies include the vari-
ous aspects of the geologic and hydrologic environment
that relate to the occurrence and movement of water on
the surface and underground. Such studies of water
resources stress the evaluation of sources of supply,
chemical and physical composition, computation of the
quantity available for use, description of the direstion
and rate of movement, evaluation of fluctuations in flow,
and determination of disposition of the supply as use,
waste, or outflow.

Diversified water-resources investigations are in
progress in nearly every State. These fall into two gen-
eral categories: “area” and “systems” studies. Area
studies cover investigations of specific hydrologic prob-
lems within an area, generally a political subdivision—
the problems of a municipality, a county, or a State.
Systems studies, on the other hand, are investigetions
of the hydrologic environment of natural units svh as
a river basin or isolated valley or a major aquifer.
whose area may include a number of political snbdi-
visions. The purpose of these investigations is to deter-
mine the effect on the hydrologic system of changes in
any part of it—for example, to predict how use of
ground water in one municipality may influence st eam-
flow in another part of a river system.

Investigations stressing the economic aspects of water
as a resource are treated in the following section under
four regions (fig. 4), which correspond to the adminis-
trative subdivisions of the Water Resources Division.
In this section the names of the principal persons respon-
sible for carrying out the investigations are in paren-
theses at the end of each paragraph.

Geological Survey participation in the International
Hydrologic Decade, a 10-year cooperative international
effort in scientific hydrology, was continued. This par-
ticipation is discussed in the volume where appropriate.
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F16URE 4—Index map of the conterminous United States, showing areal subdivisions used in discussion of water resources.

DATA COORDINATION, ACQUISITION,
AND STORAGE

OFFICE OF WATER DATA COORDINATION

The coordination of water-data activities under guide-
lines established in Bureau of the Budget Circular A-67
has proceeded along three fronts: (1) design of a na-
tional water-data network, (2) coordination of acquisi-
tion of water data, and (3) the updating and expansion
of the “Catalog of Information on Water Data” and
data-acquisition activities.

Continuing effort on network design resulted in de-
velopment of the basic elements of the national water-
data network. The conterminous United States was
divided into 300 hydrographic units, and arrays of sta-
tions were selected out of each unit for accounting of
surface-water quantity and quality parameters. The 370
station sites selected, most of which are currently active
stream-gaging stations, account for about 95 percent
of the surface outflow from each of the 300 units. The
station sites were selected with a view to their suit-
ability for collection of water-quality data as well.
Moreover, the 300 units have been designed to be com-
patible with water-resources regions designated in

March 1968 by the Water Resources Council. Coverage
under the “Catalog of Information on Water Data” was
extended to include ground-water observation stations,
areal investigations, and miscellaneous activities of Fed-
eral agencies. In addition, the surface-water and water-
quality sections were updated to July 1, 1967, and non-
Federal agencies were invited to submit station infor-
mation on surface-water and water-quality stations that
they operated. Thus, the “Catalog of Information on
Water Data” now contains the following sections, with
information as of July 1967:
1. Surface-water stations reported by Federal and
non-Federal agencies;
2. Water-quality stations reported by Federal and
non-Federal agencies;
3. Ground-water stations reported by Federal
agencies;
4. Areal investigations and miscellaneous activities
reported by Federal agencies.
All the station-type operations reported irvolved re-
petitive observations for a period of 3 or more years.
Indexes to each section, and maps showing the location
of water-quality and surface-water stations contained
in the 1967 edition of the catalog, were published.
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WATER-DATA STORAGE SYSTEM

Figures of daily discharge collected by the Geological
Survey at regular streamflow stations for about 150,000
station years of record are stored on a set of 23 magnetic
tapes. This covers more than half of all the streamflow
data collected by the Geological Survey in cooperation
with State and municipal and other agencies. The data
ave stored in discrete units of daily figures for water
discharge from each gaging station for each month;
thus, the data are compatible with a variety of statistical
programs for analysis on the basis of calendar years,
water years, climatic years, or any other desired time
period.

An automated system of storage and retrieval of sur-
face-water-quality data has been used since October
1959. All data collected since then have been entered into
the system, within which they have been separated into
five basic groups:

1. Surface-water chemical and physical analyses
2. Suspended sediment

3. Water temperature

4. Specific conductance

5. Multi-item data collected by digital monitors.

The Geological Survey has coded data in machine’

form for about 22,000 ground-water wells and from
about 13,000 chemical analyses of water from these
wells. The file, which uses the latitude-longitude system
for locating wells, includes information relative to State,
county, use of water, use of well, depth, drilling method,
drilling date, yield, water levels, physiographic data,
aquifers, lithology, and, when available, quality-of-
water data.

ATLANTIC COAST REGION

The Atlantic coast region (fig. 4),although generally
characterized by the availability of moderate to large
supplies of water, has a number of problems relating
to the practicability and economics of developing those
supplies and the protection of supplies already de-
veloped. Problems of quantity range from temporary
excesses during floods to possible shortages during
droughts, as well as to the makeup of rocks forming the
natural underground reservoirs. Problems of quality in-
clude those of salt-water encroachment into surface- and
ground-water reservoirs near many coastal population
centers, and the pollution of numerous streams and some
ground-water reservoirs by municipal and industrial
wastes. In general the solution of many of these prob-
lems lies in early recognition of actual or potential
danger areas and appropriate action by water managers.
The investigations of the Geological Survey, many of
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which are briefly reported below, provide basic data and
interpretations for use in such management.

INTERSTATE STUDIES

North Atlantic coast regional water-resources study

A study of the north Atlantic coast region, the dr~in-
age area extending from southern Virginia through
Maine, was initiated in fiscal year 1967 in cooperation
with the U.S. Army Corps of Engineers. The study in-
cludes determination of the yield of wells in various for-
mations, the volume of recharge to the various forma-
tions, the relationship of ground water to surface water
in the various terranes, the quality of the ground wster,
and finally the cost of developing ground water
in the various areas from the different rock formations.
Ground-water runoff rates for the glaciated par‘ of
the region (the six New England States plus parts of
New York, New Jersey, and Pennsylvania) were esti-
mated from an analysis of stream-discharge data.
Ground-water runoff determined for 14 basins by hydro-
graph-separation methods was compared with fow-
duration curves for the basins; from the comparison it
was concluded that a stream discharge equaled or ex-
ceeded 60 percent of the time as shown by flow-duration
curves, could be used to estimate ground-water runoff
rapidly and without excessive error. Ground-water run-
off rates range from about 0.14 mgd per sq mi in basins
where impermeable bedrock is overlain by till to ahout
0.72 mgd per sq mi in basins were substantial amo nts
of stratified drift overlie till and bedrock. (J. A. Baker)

New knowledge was derived from a recently com-
pleted study of yields of deep wells in consolid+ted
rocks. Although the yield of a single well in hard rocks
cannot be predicted, a reasonable estimate of the aver-
age yield of five wells can be made where the wells are
widely spaced. The values obtained are much larger
than the average yield given in many reports. Bec~use
reliable records for domestic wells, even deep domestic
wells, are generally not available, only records for
groups of industrial and municipal wells can be used.
Final estimates are based on a simple arithmetic aver- -
age of all such wells 350 feet or more deep in the area
of study, but yields of shallow wells greater than the
average yield of all deep wells must be included in the
overall averaging. Where drawdown given at a stated
yield was small, only a small empirical increase in yield
was made for adjustment to 100 feet of drawdown. Pro-
jection of yield of wells of intermediate depth to prob-
able yield at greater depth was not attempted. One or
two particularly high yields in an area probably reflect
special conditions and were ordinarily omitted. The
average yield of 5 widely spaced deep wells in the



A50

dominant rock types in the north Atlantic region was
found to range from 40 gpm in shale to 50 gpm in
gneiss and (in New England) 90 gpm in schist, granite,
and metamorphosed Paleozoic rocks, and to 160 gpm
in sandstone and 300 gpm in limestone. (D. J.
Cederstrom)

A large volume of data on the water resources of the
Atlantic Coastal Plain section of the area is being com-
piled and studied. The ground-water reservoir compris-
ing all the Pliocene and Pleistocene rocks of the coastal
plain (exceeding 20 feet of saturated thickness) and
the Cohansey Sand of New Jersey contains 100 million
acre-ft (3.3X10" million gal) of water. This reservoir
has a volume of 3.41X10% acre-ft and a recharge area
of 9,300 sq mi. Analyses of streamflow records indicate
that ground-water outflow ranged from near 0.5 mgd
per sq mi in the southern part of Virginia, where the
reservoir has a low percentage of sand, to more than
1 mgd per sq mi in the northern sector, where the reser-
voir is 75 to 90 percent sand. The aquifers of Cretaceous
age common to all States in this coastal-plain area have
an estimated daily production capacity of 1 billion gal-
lons and a recharge area in excess of 1,700 sq mi. (G. R.
Tarver)

Delaware River basin runoff summaries

A digital-computer program to summarize stream-
flow for a 40-year period in chronological, cumulative
chronological, and numerical-order tabulations has
been developed using runoff figures representing natural
flow in the Delaware River basin. Included in the sum-
maries are average monthly and yearly discharges in
various units; maximum, minimum, and median
monthly and yearly discharges; cumulative volumes of
flow; and ranked monthly and yearly discharge figures.
(D. P. Bauer)

Natural-flow figures for the pilot study were deter-
mined by estimating runoff for periods of no record and
adjusting observed streamflow figures for diversion,
change in storage, and evaporation from manmade
reservoirs in excess of what probably would have
occurred without the impoundments. (E. G. Miller and
0. O. Williams)

Regional statistical aquifer coefficients

Specific capacities plotted on log-probability paper
form log-normal distributions for all 68 aquifer units
analyzed in the Susquehanna River basin. Thus, the
geometric mean specific capacity of the plot defines
aquifer capability and the standard deviation defines
aquifer variability. The statistical coefficients of the
major lithologic units form distinct groupings. The
standard deviations of carbonate- and metamorphic-
rock aquifers are greater than 0.75 and those of sand-
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stone and shale aquifers are smaller than 0.75. The mean
specific capacities of the carbonate-rock and sandstone
aquifers are greater than 1.0 and those of th» shale and
metamorphic-rock aquifers are less than 1.0. Glacial
deposits have mean specific capacities greater than 10,
but have a wide range in standard deviations. Inter-
bedded lithologies have intermediate statis*ical coeffi-
cients. For regional planning purposes, the probability
distributions in combination with hypothetical well
designs were used to predict reasonable ranges in well
yields, the chances of a successful well, and ground-
water costs for each aquifer. The statistical coefficients
allow quantitative definition and comparison of aquifer
capability and variability on a regional basis with pos-
sible computer applications. (P. R. Seaber)

NEW ENGLAND

Water resources of Deerfield-Hoosier River basins,
Massachusetts

Test drilling in the Deerfield River basin, northwest-
ern Massachusetts, shows the valley of the main stem
to be underlain in large part by as much as 100 feet of
glaciofluvial and glaciolacustrine materials. Most of the
deposits penetrated are fine grained and yield only very
small ground-water supplies in the valley along the
main stem ; however, coarser deposits may b~ present in
places as discontinuous stringers. Several tr'butary val-
leys contain coarse fluvial materials from which sub-
stantial yields may be expected. Fine-grained materials
predominate in the Connecticut lowland po-tion of the
Deerfield basin, and in general the presence of coarse
materials at depth cannot yet be demonstrated. Unde-
sirably high concentrations of iron, manganese, or
hardness are common where acceptable yields have been
developed. Low-flow measurements in ths Deerfield
River basin indicate an average yield of 0.26 cfs per
sq mi as compared to 0.42 for the Hoosic River basin,
Massachusetts, which has a larger area of unconsoli-
dated surficial deposits. (L. G. Toler and F. B. Gay)

Water availability in Southwick, Mass.

Hydrologic and geophysical data have been collected
for a water-availability study of the Great Brook
aquifer in Southwick, Hampden County, southwestern
Massachusetts. The data confirm the presence of a deep,
narrow northward-trending preglacial valley filled with
outwash and ice-contact sediments of Wisconsinan Age.
The coarser components of these deposits have a median
permeability of 2,400 gpd per sq ft within an area of
approximately 2,000 acres. Saturated thicknesses that
vary from 60 to over 150 feet permit the development
of wells yielding up to 2,000 gpm. Discharge per area
(Q/A) values determined at base flow fall into two
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categories: (1) where the glaciofluvial material is less
than 15 percent, /4 =0.1 cfs per sq mi, and (2) where
the glaciofluvial material is greater than 50 percent,
@/A is directly proportional to transmissibility and
ranges between 0.1 to 0.6 cfs per sq mi. From this cal-
culation it was determined that 65 percent of the water
entering Lake Congamond at low flow is discharged as
ground water through glacial sediments to the north
and then into Great Brook. (W. R. Meyer, R. A.
Brackley, and W. B. Fleck)

Water resources of northern part of Ten Mile and Taunton
River basins, Massachusetts

The principal aquifers, which occupy about 7 percent
of a 195-sq-mi area in the Ten Mile and Taunton River
basins, southeastern Massachusetts, consist of stratified
fine to coarse sandy gravel that ranges from 20 to 90
feet in thickness. The estimated average annual sus-
tained yield of the 13 principal aquifers is about 31
mgd, not including water that may be infiltrated to
wells from streams and ponds, but may be only 18 mgd
during a drought year such as 1965. Other aquifers,
capable of furnishing relatively small amounts of water
to individual wells, include deltaic sand, sand and gravel
buried beneath fine-grained lacustrine deposits, and also
include certain coarse stratified deposits that have a
saturated thickness of less than 20 feet. Bedrock wells
yield as much as 100 gpm, but their average yield is
only 8 gpm. (J. R. Williams)

Ground-water reconnaissance of Vermont

In northern Vermont the headwater sections of the
Lamoille, Missisquoi, Barton, Clyde, Nulhegan, and
Passumpsic Rivers, and the entire length of the Coati-
cook and Sutton Rivers, have excellent ground-water
potential. Lacustrine silt and clay, and shallow depths
to bedrock, limit the ground-water potential of Pleisto-
cene materials in the Lake Champlain islands and in
much of the lowlands east of the lake. The Connecticut
River valley has a good-to-excellent ground-water
potential north of Lemington, Vt., but from that point
southward it is generally filled with fine-grained
material with low permeability. (A. L. Hodges, Jr.)

NEW YORK

Ground water in Orange and Sullivan Counties

Glacial-outwash deposits in the Neversink River and
Basher Kill valleys in southeastern New York are
capable of yielding as much as 100 mgd of water. The
valley-train aquifer extends southwestward 21 miles
from a large Wisconsinan recessional moraine at Sum-
mitville in Sullivan County. The aquifer has an average
width of about one-half mile and a thickness of as much
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as 150 feet. Most of the other large stream valleys in
these counties are filled with finer grained glecial
lacustrine sediments and, therefore, do not contain
aquifers in which large municipal or industrial ground-
water supplies can be developed. (M. H. Frimpter)

Quality of water of western Oswego River basin

In the northern part of the Oswego River basin, in
north-central New York along the Erie Barge Conal,
much of the ground water is of poor chemical quality.
Chloride concentrations of several thousand milligrams
per liter and sulfate concentrations of over 1,000 mg/1
are often found in the shallow ground water. However,
several aquifers composed of glacial outwash are in
hydraulic connection with the barge canal. Large-
capacity wells drilled in these aquifers near the ctnal
would be recharged by a better quality water from the
canal than is now available in the aquifers, and they
would thereby provide several million gallons per day
of water of satisfactory quality. (L. J. Crain and J. B.
Hood, Jr.)

Hydrology of Lake Champlain—upper Hudson River renion

A hydrologic study of 6,108 sq mi of the Lake Ctam-
plain and upper Hudson River basins, in the northeast-
ern part of New York, indicates that the average annual
volume of precipitation is about 553 billion cu ft, which
is equivalent to 39 inches over the entire region. Yenrrly
average runoff is about 328 billion cu ft. It is estim~ted
that the extensive sand and sand-and-gravel deposits
in the vicinity of Glens Falls have a safe yield of 50(.000
gpd per sq mi. A previously uninvestigated artesian
system formed by the sandstone and carbonate rocks
of the Champlain valley in the vicinity of Plattsburgh
discharges an estimated 11 mgd directly to Lake Clam-
plain. (G. L. Giese and W. A. Hobba, Jr.)

NEW JERSEY

Delineation of a buried-valley aquifer in northeastern
New Jersey

A bedrock topographic map (W. D. Nichols, r1093)
and subsurface exploratory data delineate a buried val-
ley system entrenched in Triassic rocks and filled with
glaciofluvial sand and gravel deposits in eastern I for-
ris and western Essex Counties. The valley-fill aquifer
is as much as 100 feet thick and is overlain in most
places by glaciolacustrine sediments. The transmissivity
of the aquifer determined from pumping-test data is on
the order of 100,000 to 300,000 gpd per ft. Numerous
towns in the area obtain water supplies from this ¢qui-
fer, which yields as much as 2,200 gpm to properly con-
structed large-diameter wells. (John Vecchioli, W. D.
Nichols, and Bronius Nemickas)
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Ground-water yield in Ramapo River basin

The sustained ground-water yield of the Ramapo
River basin in the northeastern part of New Jersey
averages 100,000 to 200,000 gpd per sq mi for the upland
areas underlain by gneiss and 200,000 to 300,000 gpd per
sq mi for the upland areas underlain by the drift-cov-
ered sandstone and shale of the Brunswick Formation.
These values, obtained from baseflow measurements
on tributary streams, represent only a few tenths of the
total runoff of 1.2 mgd per sq mi from the basin as a
whole. (John Vecchioli and E. G. Miller)

CONNECTICUT

Water resources of upper Housatonic River basin

Mapping of the stratified glacial-drift aquifers in the
upper Housatonic River basin in western Connecticut
indicates that large sustained withdrawals of ground
water are possible. Surface water and ground water in
the basin are generally of good quality ; specific conduct-
ance and hardness of water in those areas underlain
by marble or mantled by glacial drift containing car-
bonate fragments are higher than in parts of the basin
underlain by noncarbonate rocks. At 90-percent dura-
tion flow under natural conditions, streams draining
areas of carbonate rocks show a specificconductance
range of 322 to 393 micromhos/cm whereas streams in
noncarbonate-rock areas have a range of 33 to 183
pmhos/cm. The carbonate hardness range is respectively
166 to 188 mg/1 and 8 to 82 mg/l. Manganese is present
in potentially troublesome concentrations; 22 low-flow
stream samples representative of the basin and 22
ground-water samples from 6 wells show median man-
ganese concentrations of 0.13 mg/l and 0.11 mg/1, re-
spectively. (M. A. Cervione, Jr., R. L. Melvin, and D. L.
Mazzaferro)

Water resources of lower Housatonic River basin
Contouring of the buried bedrock floor of the Housa-
tonic River valley between Shepaug Dam and Derby,
southwestern Connecticut, has shown that the relative
amount of glacial overdeepening was controlled in part
by the directional trend of valley segments. The evi-
dence suggests that segments trending north and north-
northwest are greatly overdeepened compared to seg-
ments trending in other directions. Knowledge of this
directional control may be useful in guiding explora-
tion for large ground-water supplies in the valley. Some
parts of the stratified-drift aquifer are relatively fine
grained. Hence, locations for high-yield wells cannot
be found everywhere. However, there is a high poten-
tial for induced infiltration, particularly in the over-
deepened segments where the thickness of saturated
deposits is greatest. Maximum known saturated thick-
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nesses are 100 to 200 feet in the overdeepened parts of
the valley, but less than 100 feet in the shallower parts.
At one site, in Shelton, wells 200 feet deep yield 2,100
to 2,500 gpm each, with drawdowns of about 50 to 100
feet. (W. E. Wilson)

PENNSYLVANIA

Geohydrology of Lower Mississippian rocks of Shenango
and Stoneboro quadrangles

A study of about 80 geophysical logs, including many
logs of abandoned oil and gas wells, has made it possible
to map the stratigraphy and extrapolate the ground-
water potential of deep bedrock formations not usually
penetrated by water wells in the Shenango and Stone-
boro 15-minute quadrangles in Mercer County, north-
western Pennsylvania. The Corry Sandstone of north-
ern Pennsylvania overlies the Berea Sandstone by less
than 1 to about 10 feet in the Stoneboro quadrangle.
It is about 30 feet thick at the eastern edge of the quad-
rangle, but it thins out and disappears in the western
part of the quadrangle. An unidentified sandstone in
the southern part of the Stoneboro quadrengle lies be-
tween the Berea and Cussewago Sandstores. In many
places the Berea contains saline water, and in some of
these places—such as the southwestern par* of the She-
nango quadrangle—the Berea is underlain by the Cusse-
wago, which is potentially a good aquifer. Drillers that
generally stop drilling when they find saline water in the
Berea should drill deeper and test the Cussewago. How-
ever, the Cussewago is generally thin snd contains
saline water in the Stoneboro quadrangle. (G. R.
Schiner and G. E. Kimmel)

Ground water in Martinsburg Formation

Data from more than 400 wells in 17orthampton
County and 150 wells in Lehigh County, both in south-
eastern Pennsylvania, that penetrate the Martinsburg
Formation of Ordovician age show a systematic change
in the yield of the formation’s three memkers. Wells in
the upper member have the highest yield and those in
the lower member have the lowest yield. Median yields
of public supply and industrial wells were 158 gpm in
the upper member, 48 gpm in the middle member, and
30 gpm in the lower member. Wells witl' the highest
yield may be somewhat more favorably situated with
respect to recharge than the others menticned. Most of
the water was obtained at depths of less than 200 feet;
however, deep water-bearing zones were reported in
each of the members. The deepest reported zone, which
is in the middle member, is at a depth of 775 feet below
land surface. Well depths in the middle member are also
greater than those of the other two members. (C. W.
Poth)



WATER RESOURCES

Water resources of Lehigh County

Wells yielding several hundred gallons per minute
are common in the carbonate rocks of Lehigh County,
east-central Pennsylvania. The median specific capacity
of wells in the carbonate rocks is about 7.4 gpm per foot
of drawdown. The principal streams flowing across the
area underlain by carbonate rocks go dry in some
reaches during periods of drought. The Little Lehigh
Creek went dry in 1963 for the first time in 25 years
and has been dry for periods of several months in each
year since 1963. No-flow conditions in the Little Lehigh
Creek result primarily from the lowering of the water
table below the stream channel during severe droughts.
Jordan Creek has been dry during part of the summer
or fall in at least 15 of the last 32 years. The largest
measured water loss from 5.5 miles of the channel of
Jordan Creek to the underlying carbonate rocks is 39
cfs. The stage-loss relationship indicates that an in-
crease in stage of 1 foot during low-flow periods can
cause the loss to increase from 5 to 35 cfs. Water lost
from Jordan Creek flows northward into the carbonate
rocks underlying the adjoining Coplay Creek basin and
then eastward to the Lehigh River. Studies of coliform
bacteria in ground water in semirural localities that are
without public sewage systems indicate that 22 percent
of the drilled wells used for private and semipublic
supplies have been polluted by domestic wastes. (C. R.
Wood, H. E. Flippo, Jr., and J. B. Lescinsky)

MARYLAND

Barrier-beach artesian-water supply

Studies made in cooperation with the National Park
Service indicate that the texture of the Yorktown For-
mation becomes more uniform from north to south off
the coast of Maryland along Assateague Island, result-
ing in less lithologic difference between aquifer and
aquiclude material. A lens of fresh water (less than 250
mg/1 chloride) occupies the formation near the north
end of the island and appears to wedge-out to the south
near the Maryland-Virginia line at a depth of about
300 feet. (E.F. Hollyday)

Ground-water quality of two Eocene aquifers in part
of Maryland coastal plain

Ground-water-quality maps for the two most heavily
pumped artesian aquifers underlying Talbot, Dorches-
ter, Calvert, and St. Marys Counties show that the hard-
ness and iron content decrease downdip as the dissolved-
solids content increases. These water-quality variations,
believed to be due to cation exchange, suggest: (1) a
historic flow pattern different than the flow pattern
based on the present piezometric surface, and (2) that,
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historically, there has been little vertical flow betveen
these aquifers. (W. E. Webb)

Hydrologic testing of biried valley near Salisbury
Hydrologic characteristics of valley-filling depsits
near Salisbury, southeastern Maryland, were deter-
mined by a 30-day test in which the effects of pumping
4,000 gpm from a production well were observed in 17
wells and 5 stream-gaging stations. Data showed that:
(1) Water levels did not stabilize by the end of the
pumping period; (2) the transmissivity of the aquifer
near the production well is at least 400,000 gpd per ft.;
(3) water in the aquifer is artesian; (4) static water
level was 19.91 feet above sea level after 30 days of
pumping and, drawdown in the pumping well was £4.23
feet; (5) specific capacity of the production well was
165 gpm per ft. after 30 days of pumping; (6) discharge
measurements on nearby Little Burnt Branch showed
that most of the normal 4 cfs flow of the stream was
drawn into the aquifer; and (7) the water contains
about 50 mg/1 of dissolved solids and less than 0.5 mg/1
of iron, with no significant change noted during tk= 30
days of pumping. (F. K. Mack and W. O. Thomas)

NORTH CAROLINA

Ground-water resources of Belhaven and vicinity

" A sand and shell aquifer in the Yorktown Formetion

offers a new source for municipal and domestic supplies
in the Belhaven area—about 150 sq mi in Beaufort
County, east-central North Carolina. The aquifer con-
tains water of quality similar to that in the Castle Hayne
Limestone, which is the principal aquifer in the area.
The Yorktown aquifer shows no apparent effects from
heavy pumping in a nearby phosphate-mining area.
Gravel-packed 8-inch-diameter wells in this aquifer may
yield 450 gpm or more when spaced 1,000 feet avart.
The specific capacity of the wells is about 9.5 gpm
per foot of drawdown. (O. B. Lloyd, Jr., and E. O.
Floyd)

Ground-water resources of New Hanover County

" Ground-water supplies are available in three perme-
able zones throughout most of New Hanover County in
southeastern North Carolina. Salt water occurs in all
zones below a depth of 180 feet in the northwestern part
of the county and below 340 feet in the southern and
eastern parts. Yields of about 200 gpm can be obtained
from properly constructed wells in the northwestern
part of the county, and yields of about 400 gpm can be
obtained in the east-central part. (G. L. Bain)
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Water resources of Spartanburg County

A study of the water-supply potential of Spartan-
burg County, northwestern South Carolina, indicates
that about 250 mgd is available from surface-water
sources at least 90 percent of the time. Industrial and
domestic uses are in excess of 30 mgd, or from 12 to
15 percent of the available supply. The predominant
consumption is by the textile industry, which requires
about 15 mgd for processing purposes. Natural stream-
flow is generally insufficient for the dilution of addi-
tional untreated waste, and it appears that the deciding
factor in further industrial growth may be the problem
of water quality rather than quantity. (W. M.
Bloxham)

Water resources of Pickens County

A reconnaissance appraisal of the surface- and
ground-water resources of Pickens County, a 401-sq-mi
area in northwestern South Carolina, indicates an
abundant supply of water of excellent quality. The
surface-water 7-day median low flow varies from 0.3
cfs per sq mi in the southern section of the county to
more than 0.9 cfs per sq mi in the mountainous north.
Stream water has a low dissolved-solids content, except
for a few streams that receive wastes. Ground water of
excellent quality can be obtained at most locations in
Pickens County. The yield of most wells ranges from 1
to 300 gpm, and averages 21 gpm. One well in granite
gneiss that may be along a fault zone yields 500 gpm.
An average yield of 48 gpm is obtained from wells
drilled for maximum yield, many of which are less
than 350 feet deep. (F. A. Johnson, G. E. Siple, and
T. R. Cummings)

GEORGIA

Ground-water quality at Brunswick

In a small area in Brunswick, southeastern Georgia,
domestic wells tapping the principal artesian (lime-
stone) aquifer yield water containing abnormally high
concentrations of iron. The area affected is just north
of the center of a major cone of depression. Water from
the overlying Miocene sands, which have a higher iron
content, may be leaking downward. In part of the city
of Brunswick the principal artesian aquifer is re-
charged by brackish water leaking upward from an
underlying brackish-water zone. For each 1 foot of
water-level decline, the chloride concentration increased
by about 30 mg/l in a production well near the focus
of contamination. Between December 1962 and Decem-
ber 1966, water containing an estimated 2,000 mg/1 of
chloride invaded the upper water bearing zone of the
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aquifer at a rate of about 400 gpm. Once the high-
chloride water has invaded the aquifer, it flows toward
the center of the major cone of depression at an average
rate of 300 feet per year. (D. O. Gregg)

FLORIDA

Water production and use in Jacksonville arra

In the Jacksonville area in northeastern Florida
most of the surface streams contain relatively brackish
water, and all the potable supplies must b> obtained
from wells in the Floridan aquifer or from shallow
semiartesian aquifers. Between 180 and 20 mgd was
withdrawn from these aquifers in 1966 for public,
industrial and commercial supplies, and about 860 mgd
was taken from surface streams for generating
electricity. (G. W. Leve)

Chemical character of Florida streams

Analysis of the water of Florida streams in relation
to the controlling environment indicates extreme vari-
ability in mineral content of the surface water. Over
large parts of the State, and especially at high flows,
the water tends to be acidic and high in botl' color and
organic-iron complexes, reflecting the influence of
vegetation and soils. In other parts of the S*ate and at
low flows, the quality of stream water approaches that of
the principal hard alkaline ground-water aquifers,
thereby emphasizing the close interrelation of surface
and ground water. Anomalies appear to reflect cultural
influences. (M. I. Kaufman)

Model studies of Hillsborough River basin

A technique of synthesizing hydrograpls is being
used to predict peak flows at a streamflow measuring
station in the Hillshorough River basin, Hillsborough
County, west-central Florida. Although the technique
can take into account duration of precipitation, ante-
cedent precipitation conditions, and season of the year,
consideration of these parameters was not necessary to
predict peak flows to an accuracy of about ¢ percent of
theactual peak flows. (J. A. Mann)

Hydrology of Highland Ridge area

Progressive lowering of water levels and greater
water demands as a result of municipal anc industrial
growth have prompted the search for additional water
supplies in and near the city of Lakeland, Polk County,
central Florida. An alltime low aquifer head is attrib-
uted to a decline in the cumulative departure from
normal precipitation and the effect of pumpage. The
areas best suited to future water-supply d>velopment
appear to be about 3 to 8 miles east and northeast of
Lakeland. (A. E. Coker)
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Hydrology of Dunedin area

The city of Dunedin is on a 10-mile-wide peninsula
on the west-central coast of Florida. Its water supply,
which is obtained from the Floridan aquifer underly-
ing the peninsula, is endangered by salt-water encroach-
ment, and pumpage from two wells has been curtailed
because of high salinity. The water level in the aquifer
ranges from about 12 feet above mean sea level near
the center of the peninsula to near sea level at the coast.
The annual fluctuation of the water level in the area
is 1 to 2 feet. Pumpage from supply wells has increased
from about 1 mgd in 1957 to about 3 mgd in 1967, and
average withdrawal from each supply well is about 450
gpm. The period of highest discharge of all wells is
generally in the late spring months when rainfall and
water storage are lowest. Aquifer tests show that the
cone of depression produced by pumping wells in the
area is shallow and widespread, and therefore the pro-
duction wells nearest the coast where the water levels
are lowest are most susceptible to salt-water encroach-
ment. (R. N. Cherry)

Hydrology of western Collier County

Flow measurements in Collier County indicate the
availability of major shallow ground-water supplies.
Most of the flow in a newly developed canal system in
the western part of the county is dervied from ground-
water inflow from permeable material along reaches
of the canals. At the Golden Gate Canal it ranges from
39 to 2,390 cfs, while at the Cocohatchee River it ranges
from 8.8 to 192 cfs. Large future water supplies may
be developed by locating well fields adjacent to major
canals. Such well fields would be recharged by infiltra-
tion from the canals during the dry seasons. The shal-
low ground-water supplies are important sources of
supply because deep aquifers are saline and because
along the coast the shallow aquifers may become con-
taminated by sea water. (J. N. Crenshaw and H. J.

Voegtle)

The aquifer system in Clearwater area

The city of Clearwater is on a coastal peninsula along
west-central Florida. Most of the peninsula is under-
lain by saline water. Geophysical and geological logs
of a test well, 548 feet deep, in eastern Clearwater show
that saline water occurs below 400 feet beheath beds
of dense dolomite and limestone of very low vertical
permeability. The presence of these beds retards up-
ward movement of the salt water into the fresh-water
aquifer. However, salt water has intruded the aquifer
in some areas adjacent to the coast. Recharge to the
fresh-water aquifer appears to occur through sinks
and other breaches in a relatively impermeable and
areally extensive clay layer. (M. J. Weitzner)
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Ground water in Venice area

The West Coast Inland Navigation District has con-
nected Lemon Bay to Roberts Bay with a canal through
the city of Venice, Sarasota County, on the west-central
coast of Florida. Salt-water encroachment intc the
Venice well field is possible because the water table
has declined owing to drainage from the canal banks
and because the upper fresh water zones have been con-
taminated by salty water draining from the spoil
dredged from the canal during construction. The chlo-
ride content of water in the well adjacent to the spoil
area increased from about 60 to 500 mg/l in about 6
months, Little if any sea-water intrusion is occurring,
however, because the water-table gradients are still to-
ward the canal. (Horace Sutcliffe, Jr.)

Potential of ground-water development in southern
Okaloosa County

The transmissibility of the Floridan aquifer in the
coastal areas of Okaloosa County, western Floride, in-
creases considerably from the Gulf coast inland. ITow-
ever, public-supply wells used at present (1968) are
located in areas of low permeability. By more judicious
selection of well-field locations, by optimum well
spacing, and by proper well construction, ground water
can continue to be developed in southern Okaloosa
County without excessive production costs and without
the possibility of depleting the ground-water suoply.
(J. B. Foster and C. A. Pascale)

Hydrology of sanitary-landfill sites in Hillsborough County

Preliminary studies of the hydrology of sani‘ary-
landfill sites in Hillsborough County, west-central coast
of Florida, indicate that the undifferentiated deposits
of sands and clays (Pliocene to Holocene) are about 50
feet thick in the western part of the county and sbout
80 feet thick in the eastern part. A shallow water table
occurs in the sands and clays at a depth of 2 to 1€ feet
throughout the area except in the highly permeable,
well-drained deep sands in the north-central part of the
county. That area contains the greatest concentration of
drain sinks and the largest spring (maximum measured
discharge 163 cfs) in the county. Most of the water for
public, industrial, and irrigation supplies in the ccnnty
is pumped from the Floridan aquifer, which has a lower
head than the shallow water-table aquifer. Thus it ap-
pears likely that the Floridan aquifer can be lo-ally
contaminated by downward infiltration from sanitary-
landfill areas, particularly where the head difference
between the shallow and deep aquifers is increased by
heavy pumping from the deep aquifer. In 1967 four
sanitary landfills were in operation by the county, and
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in 1968 four new sites were proposed. (J. W. Stewart
and R. V. Hanan)

PUERTO RICO

Water resources of central Guandajibo valley

The Rio Guanajibo discharges an estimated minimum
of 20,000 acre-ft of water per year (80 cfs) from the
central Guanajibo valley, at the west end of the island.
The discharge varies appreciably, and dry-season dis-
charges as low as 9 cfs have been measured. The valley
contains two aquifers, one in alluvium and the other in
limestone ; together they are more than 200 feet thick
and contain an estimated minimum of 40,000 acre-ft. of
ground water in transient storage. Most of the water is
in limestone in the western part of the valley. About
4,000 acre-ft per year is pumped from the aquifers.
(R. B. Anders)

Salinity of water in Cafio Tiburones

Caiio Tiburones, a swampy area of about 8 sq mi along
the north coast of Puerto Rico, is undergoing reclama-
tion for agricultural purposes. The areal distribution
of fresh, saline, and sea-water zones in the cafio was
delineated by comparison of the chemical and physical
characteristics of the surface and ground water in Cafio
Tiburones with those of sea water. Three major under-
ground sea-water entrances have been detected in the
north side of the cafio, an area characterized by per-

meable cemented sand dunes and limestone formations.
(J. R. Diaz)

Water in Coamo area

The 70 wells in the Coamo fan, an area of 25 sq mi in
south-central Puerto Rico, pumped 51,000 acre-ft of
ground water in 1967, resulting in an average net de-
cline of the water table of about 10 feet for the year.
Comparison with water levels in 1960-61 reveals that
ground water is being mined and that most wells have
pumped water levels below mean sea level. Unless re-
medial measures are taken, the Coamo fan will be
intruded with sea water in the near future. (E. V.
Giusti)

MIDCONTINENT REGION

An increasing variety is characteristic of the pro-
grams of water-resources investigations in the 14 States
of the midcontinent region (fig. 4). The most notable
program trends are (1) increasing emphasis on nat-
ural and man-induced quality-of-water conditions, (2)
measurement of new parameters that are relevant to
today’s problems of maintaining water-quality stand-
ards, (3) development of new methods to analyze the
complex relation between streamflow and the ground-
water reservoir, and (4) use of computers and models to
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evaluate more effectively and quantitatively the effects
of water-resources development and managerient.

At the same time, water-data networks are being ex-
panded and improved to provide more timely and
relevant water information to serve the accelerating
needs of the general public, water planners, snd govern-
ment agencies concerned with water resources. Tradi-
tional as well as new methods are used in the search for
new sources of ground water, and saline ground water
of marginal quality is being evaluated as a potential
resource. New challenges are being offered in the field
of water management by an increasing array of prob-
lems related to underground storage of water and dis-
posal of liquid wastes. The programs are designed to
produce better knowledge of the subsurface hydrogeo-
logic system in order to provide better solutions to these
problems.

Significant results of current studies in the mid-
continent region are reported below.

MINNESOTA

Increased use of ground water for irrigaticn

Irrigation during part of the growing season in Min-
nesota has produced a significant increase in crop yield,
resulting in intensified exploration for and development
of aquifiers capable of yielding large quantities of water
to wells. The Perham, Brooten, and Wadena areas in
west-central Minnesota are among several undergoing
major irrigation development, and in these areas studies
indicate significant potential for increas:d ground-
water withdrawal. Analog models of the glacial aqui-
fers in the Brooten and Wadena areas are being con-
structed to aid in predicting effects of ground-water
pumpage under several possible development plans.

In the Perham area the principal aquifer is approxi-
mately 100 feet of glacial-outwash deposits. Additional
test-drilling in progress is expected to dolineate the
areal extent and define the permeability of this aquifer.
(H. O. Reeder)

In the Brooten area the principal aquifer is less than
30 feet thick and of varying permeability ; however, it
is capable of yielding 1,000 gpm to wells in much of the
area and 500 gpm in about 60 percent of the area. (W. A.
Van Voast)

Studies in the Wadena area indicate thet sand and
gravel units as much as 60 feet thick have trensmissibili-
ties that in some places exceed 100,000 gp1 per ft. In
about 75 percent of the area the aquifer can yield about
300 gpm to wells, and in about 15 percent of the area
yields are expected to exceed 1,000 grm. (G. F.
Lindholm)
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WISCONSIN

Adequate future water supply in Fox River basin

In the Fox River basin, southeastern Wisconsin, four
major aquifers can furnish adequate water supplies to
meet projected needs through the year 1990. Fresh
ground water is present to a depth of about 2,000 feet in
most of the area. A dolomite aquifer, one of the four in
the basin, has been contaminated by organic wastes.
The contamination is a potential health hazard in part
of north-central Waukesha County, an area of rapid
urban growth. (R. D. Hutchinson)

Discovery of aquifer in central Wisconsin

Test drilling led to the discovery of a sand and gravel
aquifer about 80 feet thick in the cranberry-bog wet-
lands area southwest of Wisconsin Rapids. This is in the
area of the ancient glacial Lake Wisconsin, which is
underlain primarily by sandy clay deposits. On the basis
of studies to date it appears likely that moderate- to
high-capacity irrigation wells can be developed in areas
of the wetlands where there are channel deposits of
sand and gravel. (L. J. Hamilton)

Water budget for Rock—Fox River basins

A preliminary water budget for the Rock-Fox River
basins in southeastern Wisconsin shows that in the
4,750-sq-mi area, 31.4 inches of precipitation fell in
1967, of which 6.6 inches left as streamflow and 24.8
inches as evapotranspiration ; this leaves an insignificant
amount of discharge from the basins by ground-water
underflow. A series of low-flow stream measurements
made in August 1967 shows losses or gains of less than
0.1 cfs per sq mi in areas of numerous lakes and swamps.
Major streams in the area showed as much as 0.7 cfs
per mi pickup from ground-water flow. (R. D. Cotter)

IOWA

Application of computers to geologic and hydrologic
problems

Hydrologic, geologic, and quality-of-water data for
approximately 2,500 wells and 400 chemical analyses
in southeastern Iowa have been converted for use with
computer data-storage and retrieval systems. A re-
cently developed data-processing system makes it pos-
sible to store, retrieve, and manipulate data on all
geologic units identified from well cuttings and out-
crops. This stratigraphic ADP system allows retrieval
in table and map form of structural, isopach, and litho-
facies data for individual units and for combinations of
units which may comprise an aquifer system or an
aquiclude.
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Interaquifer movement of water in Cedar Rapids

An analysis of quality and pressure-head data of
water from the Silurian and Jordan aquifers indientes
interaquifer movement of the water through abandoned
deep wells in Cedar Rapids. The relatively shallow-
lying Silurian aquifer in Cedar Rapids and vicinity
is extensively developed for air conditioning and c»ol-
ing purposes. The piezometric surface, which was at
about 700 feet above sea level in the early 1900, is pres-
ently at about 650 feet above sea level in the downtown
area. The total-dissolved-solids content of the water
from the Silurian aquifer throughout the county rar zes
from 250 to 400 mg/1; sulfate concentrations are gen-
erally less than 40 mg/l. In the down town area, how-
ever, the total-dissolved-solids content ranges from 550
to 800 mg/1, and sulfate from 100 to 200 mg/1. The in-
crease in total dissolved solids and sulfate is attribvted
to the movement of water from the underlying Jorian
aquifer into the Silurian aquifer through abandoned,
unplugged deep wells. The total-dissolved-solids and
sulfate concentrations of the water from the Jordan in
this area range from 580 to 750 mg/l and 200 to 250
mg/1, respectively. The piezometric surface of the Jfor-
dan, which was at about 735 feet above sea level in 1900,
is presently at about 700 feet. (R. E. Hansen)

MICHIGAN

Water resources of Kalamazoo County

Mathematical models are used for quantitatively
appraising the glacial sand and gravel aquifersin Kala-
mazoo County, southwestern Michigan. On the basi~ of
the models it is estimated that a ground-water pumpage
rate of 2.2 times the 1966 rate of 54 mgd is about the
practical limit of development without seriously af-
fecting existing pumping centers and surface-water
supplies. (W. B. Allen)

The areal distribution of runoff in the county hes a
wide range. Augusta, Portage, and Gourdneck Creeks
have the highest annual rate of flow and are capable
of sustained flows during dry periods. Storage of excess
runoff can provide supplemental municipal and indus-
trial water supplies in the future. (J. B. Miller)

Lake levels can be raised by pumping ground water
into them, even where a producing leaky aquifer is
hydrologically connected to the lakes. Eagle Lake was
maintained at about 4 feet above natural stage by pump-
ing 1,200 gpm from a leaky aquifer that extends urder
the lake. Crooked Lake was maintained about 2 feet
above its natural level by pumping 600 gpm. These tests
demonstrate a practical method of lake-level control.
(W. W. Wood)
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Variability of ground water in Oakland County

Yields of wells in Oakland County, southeastern
Michigan, vary from a few gallons per minute to more
than 2,000 gpm owing to the heterogeneous nature of
the glacial deposits underlying the area. Haphazard
deposition and extensive reworking of the deposits dur-
ing severa] subsequent glacier advances have resulted
in a complex geologic environment in which the areal
extent, thickness, and permeability of aquifers are
difficult to delineate. Reasonably accurate prediction of
well yields may depend on test drilling and evaluation
of sand and gravel percentage and permeability in the
vertical section penetrated. (F. R. T'wenter)

Range in ground-water temperatures

Mean ground-water temperatures at a depth of ap-
proximately 100 feet range from 43°F (6.1°C) in the
Upper Peninsula to 52°F (11.1°C) in the southern part
of the Lower Peninsula. The temperatures are for water
that is unaffected by induced recharge, urbanization, or
other artificial influences that would cause temperature
changes. In addition, negligible heat conduction by
ground-water movement is assumed. Below a depth of
100 feet, the water is warmed in accordance with the
natural geothermal gradient of about 1.6°F (0.9°C) per
100 feet of depth. Above the 65-foot depth, temperatures
fluctuate as much as 20°F (11.1°C') about the mean. The
amplitude of the fluctuation decreases with depth below
land surface and approaches zero at a depth of about 65
feet. (P. R. Giroux and W. W. Wood)

OHIO
Ground water in northeastern Ohio

The potential ground-water supply from the Berea
Sandstone is more extensive areally than previously
thought. It is an important aquifer in all or parts of
eight counties and yields more water to wells than do
the other consolidated rock units in northeastern Ohio.
The formation is about 50 feet thick and has an average
permeability of 60 gpd per sq ft; wells penetrating it
have an average specific capacity of about 1.5 gpm per
foot of drawdown. (J. L. Rau and A. C. Sedam)

Quality of surface water in Mahoning River basin

Water quality in the Mahoning River basin, north-
eastern Obhio, is affected by increasing water use by
industry—particularly for cooling by steel mills and
other plants. Data on the quality of the river water show
that: (1) the water temperature is lower during higher
discharges, but increases with higher steel production;
(2) the dissolved-oxygen content in the river above
steel mills was almost always at acceptable levels, but
below the mills it was less than 5 mg/1 for 67 percent
of the time; (3) the dissolved-solids content in the river
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below the industrial complex decreased from about
360 mg/1 to about 280 mg/1 when steel mills were not in
production; and (4) about one-half the sulfate load in
the Mahoning River was derived from ste~l-mill wastes.
(G. A. Bednar and C. R. Collier)

INDIANA

Ground water in Wabash River basin

Sand and gravel deposits in buried bedrock valleys,
which are the most productive aquifers in the Wabash
River basin, yield as much as 2,000 gpm to wells. Lime-
stone of Silurian age is the most productive of the
consolidated-rock aquifers, and yields as much as 500
gpm in parts of the basin. (D. J. Nyman and R. A.
Pettijohn)

ILLINOIS

Low-flow frequency in lllinois

Low-flow-frequency curves of Illinois streams can be
estimated from relationships based on the flow-duration
curve for a site. The relationships are based on a high
degree of correlation between the shape cf the duration
curve and the pattern of the low-flow-frequency curves.
For steep duration curves the corresponding frequency
curves are steep, widely spaced, and tend to be concave
downward, whereas for flat duration curves the fre-
quency curves are closely spaced and concave upward.
Development of the equation model of the form @.=
(P;)-v for the frequency curve was practicable only
after devising a technique for transforming the recur-
rence-interval scale. In the above equation @. is the
average discharge for a specific period of time; 4 is the
intercept at the recurrence interval P;=1.0 year; and y
is the slope of the frequency curve. The equation factors
were determined from multiple-regression analysis for
16 long-term stations throughout Illinois. An obvious
advantage of using this method of synthesizing fre-
quency curves is that methods for synthesizing the
duration curves at ungaged sites are available in a

report by Mitchell.?s (O. G. Lara)
MISSOURI

Ground water in Missouri River valley

A reconnaissance study of the ground-water resources
of the Missouri River alluvium in Mis-ouri indicates
that about 7 million acre-ft of water is in storage in the
saturated sands and gravels underlying the Missouri
River flood plain. The aquifer is recharged by direct
penetration of rainfall on the flood plain, by influent
water from streams, either from overbank flooding or

2 W. D. Mitchell, 1957, Flow duration of Ilinoi: streams: Illinois
Dept. Public Works and Bldgs., Div. of Waterways, 189 p.
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sustained high river stage, and to a small extent by
underflow from bedrock aquifers. Wells drilled almost
anywhere in the alluvium will yield several hundred gal-
lons per minute. However, by judicious test drilling and
proper design and construction, wells that yield over
2,000 gpm can be finished. The water in the alluvial
deposits is a hard calcium bicarbonate or calcium-
magnesium bicarbonate type and generally contains
more than 1.0 mg/1 of iron. This water is suitable for
irrigation but must be treated for municipal and most
industrial use. (L. F. Emmett and H. G. Jeffery)

Water resources of northeastern Missouri

In a 21-county area in northeastern Missouri the type
of water-supply development used is determined by the
source of available water. The primary source for the
southern one-third of the area is fresh ground water,
whereas streams and impoundments are the primary
source for the northern two-thirds of the area. (E. .J.
Harvey)

Regional flood height-frequency relations for the
Plains area in Missouri indicate that drainage
area can be used as a parameter to predict flood
heights corresponding to selected recurrence inter-
vals. These relations should be helpful in estimating the
flood height for a selected frequency of flood at an un-
gaged site. The primary use of these relations is ex-
pected: to be in the planning or reconnaissance stages of
proposed flood-plain developments in the Plains area
of the State. Average standard errors range from 21
percent for the 50-year flood to 35 percent for the 1.2
year flood. (E.E. Gann)

KENTUCKY

Ground-water levels rising

Ground-water levels have risen sharply in parts of
Kentucky, reflecting the effect of cessation of pumping
ground water for municipal supply. Wells pumped at
small municipalities are being abandoned as larger
water districts using surface-water sources are formed.
During the period February 1967 through January 1968,
the water level in the Tradewater Formation rose 47 feet
and continued to rise at the town of Beaver Dam, in
west-central Kentucky. Within a 7-month period, July
1967 through January 1968, the water level rose 10 feet
and continued to rise in the Lisman Formation at
Corydon, northwestern Kentucky. In other areas where
ground-water use is stopped or decreased, the water
level is also likely to rise significantly. Where water has
been pumped from an aquifer long enough to create a
large cone of depression, the resultant rise in water
level after cessation of pumping represents an increase
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in ground-water storage which may be looked upon as
insurance for future water needs. (D. V. Whitesic'ss)

Ground water in Tradewater River basin, west-central
Kentucky

The Pleistocene and Holocene alluvium in the Tre de-
water River basin, from near the city of Providence
upstream to about 9 miles southeast of Dawson
Springs, consists mostly of clays and silts with minor
amounts of sand and gravel. This information is besed
on 26 test holes augered into the alluvium of the Trede-
water River and 6 of its major tributaries. The thick-
ness of the alluvium ranges from 22 feet to 81 feet. The
thickness averages about 60 feet and decreases in an up-
stream direction. The thickness of the sand and gravel
deposits, all of which directly overlie bedrock, rarges
from 0 feet to 23 feet. An exception was found in a I'ole
drilled near the city of Providence in which 55 feet of
fine sand was logged. No quantitative data on the water-
yielding characteristics of the alluvium are availahle.
However, the test drilling shows that saturated s~nd
and gravel deposits that would probably yield suffi-
cient water for domestic supplies are present locelly.
(H.F. Grubb and P. D. Ryder)

Deep ground-water source in eastern Kentucky

Fresh water occurs at depths of as much as 600 ft in
sandstones of the Lee Formation of Early Penn<yl-
vanian age in the north-central part of the Eastern
Coal Field region of Kentucky. The transmissibility of
this formation within the study area ranges from 1,000
to 2,000 gpd per ft, and the coefficient of storage is
about 0.001. Yields of 25 gpm or more are common from
wells that fully penetrate the aquifer, but smaller yiolds
may result from partial penetration. Ground-water dis-
charge from the Lee Formation into Paint Creel: as
determined by flow-net analyses is 600,000 gpd. The
ground water is generally of excellent quality, cont~in-
ing less than 400 mg/1; however, in places, contamina-
tion has occurred and dissolved solids may exceed 1,000
mg/1. The presence of fresh water in this formation
results from flushing which commenced about 200 m.y.
ago. (H. T. Hopkins)
Structural lows concentrate flow of ground water

Well-defined channels in soluble limestone and frac-
ture zones associated with major faulting yield up to
150 gpm to wells drilled in the Lexington area, no+th-
central Kentucky. Subsurface channels and sink holes
are numerous and are concentrated along the trace of a
northwest-trending fracture system. Fractures and so-
lution channels are associated with structural lows.
Fairly rapid movement of ground water in the open-
channel system of fractures allows widespread distri-
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bution of bacterial and chemical pollutants. Examina-
tion of water samples by the local health department
shows that about 50 percent of the ground-water sup-
plies contain coliform bacteria. Definition of the open-
channel systems is progressing and should assist plan-
ning groups in the protection of local ground-water
supplies in the suburban development around Lexing-
ton. (D. S. Mull)

TENNESSEE

Ground water in the Great Smoky Mountains

A preliminary study relates yields of recently drilled
wells in Great Smoky Mountains National Park, Ten-
nessee—North Carolina, to topographic location, thick-
ness of overburden, and geologic structure in the
Precambrian metamorphic rocks of the park area. The
yield of 16 wells completed recently in the park area
ranges from less than 10 gpm to more than 100 gpm.
Point values were assigned to well sites on the basis
of topographic location and overburden thickness using
point-value scales from LeGrand.?® Additional points
were used from an arbitrary scale of points based on
distance to major geologic faults. A least-squares curve
was fitted to determine the relation between well yield
and points assigned to the well site. The resulting index
of correlation was 0.56. The 16 wells used in the analy-
sis represent about half the total number to be drilled
in the park area. Data provided by the new wells may
allow a more refined method of evaluation of factors
affecting well yield in these and similar rocks. (W. M.
McMaster)

Ground-water relation to structure and solution pattern

Seismic-refraction surveys have been used to locate
large caverns in central Tennessee. Limits of the method
are unknown; however, openings 8 feet and 100 feet
in diameter were detected at depths of 80 feet and 150
feet, respectively.

Most local structures in the Stones River basin, cen-
tral Tennessee, appear to have been produced by under-
ground solution and subsidence of the land surface.
Linear concentrations of sinkholes coincide with the
direction of regional joint systems, and it does not ap-
pear_that the lithology of formations or topographic
position are determining factors in the origin or loca-
tion of sinkholes.

Aerial-photo interpretation shows little correlation
between linear belts of sinkholes and large well yields.
Yields range from a few gallons per minute to more
than 250 gpm in the Upper Stones River basin, and
the median yield of 327 wells is 8 gpm. Sixty-six per-

% H. E. LeGrand, 1967, Ground water of the Piedmont and Blue

Ridge provinces in the Southeastern 'States: U.S. Geol. Survey Circ.
538, 11 p.
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cent of the wells yield 5 gpm or more, ard 9 percent
50 gpm or more. (G. K. Moore and C. B. Burchett)

MISSISSIPPI

Sources of large water supplies in east-centre! Mississippi

Large quantities of potable water are av»ilable from
artesian aquifers in Clarke, Jasper, Lauderdale, New-
ton, Scott, and Smith Counties. Mapping ¢ € two major
aquifer systems, the lower Wilcox aquifer and the
Sparta Sand, indicates that both systems ur derlie about
half of the 6-county area, and that the lower Wilcox
aquifer is fresh downdip to depths exceedirg 3,000 feet.
This is the deepest known source of ground water in
Mississippi. These systems are potential sources of
water for municipal and (or) industrial wells yielding
as much as 2,000 gpm each in many places. Geologic
controls such as faulting and stratigraphic character-
istics affect the occurrence and quality of the ground
water. (E. H. Boswell)

LOUISIANA

Test drilling reveals potential aquifer near Deshotels

Test drilling in northwestern Evangeline Parish,
south-central Louisiana, revealed valuable new infor-
mation concerning the availability of fresh ground
water, especially in the vicinity of the community of
Deshotels. Residents of the area have been using water
from the shallow Chicot-Atchafalaya aquifer (Pleisto-
cene) only. This water has a high iron content and
high hardness; home water softeners are in common
use. An electrical log of an 834-foot test hole showed
a fresh-water-bearing sand in the Evangcline aquifer
(Pliocene) from 360 to 500 feet. Analysic of a water
sample from the sand verified the electric-log interpre-
tation, which showed that the water is soft and of ex-
cellent overall quality. The availability of this new
source of water that will require little or no treatment
for most uses should be an asset in the development of
the area. (R. L. Hosman)
Water levels decline in southeastern Lovisia~a

A study of water-level trends in the artesian aquifers
of southeastern Louisiana has shown that water levels
are declining steadily. Rates of decline range from 5
feet per year in the Baton Rouge area, which is heavily
developed, to less than 1 foot per year in undeveloped
areas. The quantity of ground water available greatly
exceeds the present requirements for industrial and pub-
lic water supply.

Ground-water conditions in southwestern Louisiana

Ground water available in southwestern Louisiana
was more than sufficient to meet the 1967 demands.
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Seventy-five percent of the ground water withdrawn is
for rice irrigation, whereas 20 percent is industrial
pumpage in the Lake Charles area. A large cone of
depression has developed in the vicinity of the Lake
Charles industrial area because of the heavy pumpage.

The weighted-average water level in the Chicot aqui-
fer had dropped to 18 feet below mean sea level in
the spring of 1967, a drop of 1 foot since 1966; this
lowering coincides with predictions made by A. H.
Harder, Chabot Kilburn, H. M. Whitman, and S. M.
Rogers (r0285). A salt-water monitoring program, be-
gun in October 1964 to observe the movement of salt
water in the Chicot aquifer, has shown that chloride
concentrations have increased in some wells and de-
creased in others. Although salt-water movement to-
ward areas of heavy pumping is taking place, so far
the studies have not shown a meaningful trend in this
movement.

ROCKY MOUNTAIN REGION

In addition to its responsibility for selecting, collect-
ing, and reporting upon basic water facts, the Water
Resources Division in the Rocky Mountain region (fig.
4) performs hydrologic studies tailored to meet pres-
ent and future requirements by better relating the occur-
rence of water to the total environment.

The demand for greater amounts of water for munici-
pal, industrial, and agricultural purposes has forced
water planners to reevaluate existing sources and to
look to new sources to provide water for a growing
economy. Basic facts such as the amount of water that
passes a gaging station or is pumped from a well during
a certain period of time is of interest to many ; however,
Water Resources Division activities in the region extend
beyond this to include many technological improve-
ments in interpreting the facts. Efforts are constantly
being made to improve both the gathering of basic
water data and the evaluation of the data in relationship
to the total hydrogeologic environment.

The results obtained from some of the studies being
made in the region are discussed in the following
section.

MONTANA

Glacial-lake deposits control ground-water movement

Glacial-lake deposits control ground-water movement
in the Tobacco and upper Stillwater River valleys in
northwestern Montana. Much of the Tobacco Plains is
underlain by sediments deposited in glacial Lake
Kootenai. The sediments grade shoreward from lake-
bottom fine sand and silt at an altitude of 2,600 feet to
well-sorted deltaic gravel below an altitude of 2,700
feet. Streams flowing across these Pleistocene rocks lose
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most of their flow into the permeable deltaic deposits.
This water moves underground toward the less per-
meable lake-bottom deposits, where the reduction in
permeability causes the water to be discharged through
springs. (D. L. Coffin and Alex Brietkrietz)

First-magnitude springs in eastern Judith Basin

Big Springs and Warm Spring, the two first-megni-
tude springs in the eastern Judith Basin, central
Montana, represent discharge of water mostly from
cavernous limestone of the Madison Group of Mississip-
pian age. The limestone crops out over extensive areas in
the Big Snowy, Judith, and North and South Moccasin
Mountains, but not at the springs. Water reaches the
surface through fault systems; its temperature, 11.7°C
(53°F) at Big Springs and 20°C (68°F) at Warm
Spring, indicates a deep source. The discharge at the
springs is relatively constant, about 115 cfs at Big
Springs and 138 efs at Warm Spring during 1967. The
cavernous limestone of the Madison Group is a potential
fresh-water aquifer that has not been extensively tested
in the Judith Basin. (R. D. Feltis)

NORTH DAKOTA

Sandstone aquifer in Mercer and Oliver Counties

Basal beds of the Tongue River Member of the Fort
Union Formation of Tertiary age, consisting of fine- to
coarse-grained sandstone, crop out in the Missouri Piver
valley in Mercer and Oliver Counties, central North
Dakota. Data from 6 test holes indicate that sandstone
beds ranging in thickness from 50 to 150 feet extend into
the subsurface beneath most of the area of the counties.
The sandstone, ranging in depth from 0 to 600 feet
below the land surface, is the shallowest undeveloped
source of water available for livestock and domestic
supplies in much of the area. The water, of the sodium
bicarbonate type, contains about 1,500 mg/1 dissolved
solids and the maximum yield for wells is expected to
be about 150 gpm. (M. G. Croft)

Water quality in Hettinger and Stark Counties

Most of the water from a representative sampling of
wells that tap the Fort Union Formation in Hettinger
and Stark Counties, southwestern North Dakota, is
sodium bicarbonate type, with sodium sulfate as the
second most common type. Approximately 75 percent
of the water sampled had dissolved-solids concentra-
tions of over 1,000 mg/1. Only about 125 percent cf the
water is probably suitable in quality for irrigation. This
water has a residual sodium carbonate concentr~tion
less than the recommended limit of 2.5 meq/l and has
salinity and sodium hazards no higher than “Figh”
(C3, S3 according to the Department of Agriculture
classification of irrigation water). (Henry Trapp, Jr.)
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Aquifer traced in south-central Walsh County

The deltaic deposits associated with the sediments of
glacial Lake Agassiz in Grand Forks County, north-
eastern North Dakota, have been traced northward for
nearly 10 miles into the south-central portion of Walsh
County. Due to downcutting of the Forest River in
Holocene time, the deposits in Walsh County apparently
are not connected hydraulically with the deposits in
Grand Forks County, but are similar to them in many
respects. The aquifer formed by this deltaic deposit in
Walsh Clounty appears to be recharged mainly by direct
precipitation and runoff from the nearby till. Because
the recharge is not through or across the relatively
soluble bedrock of the region, the water from this aqui-
fer is relatively low in total dissolved solids, generally
about 500 mg/1. (J. S. Downey)

Extensive aquifer located in McLean County

Test drilling shows that extensive water-bearing sand
and gravel deposits (outwash and buried channels)
underlie various parts of McLean County, central North
Dakota. The specific conductance of the water from
these deposits ranges from 400 to about 1,700 micro-
mhos. The data collected so far indicate that in places
the sand and gravel deposits may yield water to wells
at rates exceeding 1,000 gpm. (R. L. Klausing)

Elk Valley and Inkster aquifers in Grand Forks County

A study in Grand Forks County, northeastern North
Dakota, has revealed two major aquifers that are cap-
able of yielding adequate water for irrigation and in-
dustrial purposes. The Elk Valley aquifer, the largest,
islocated generally in the central part of the county and
has an area of more than 150 sq mi and an average
thickness of more than 30 feet. The Inkster aquifer,
which is located in the northwestern part of the county,
is more limited in areal extent but equally productive.
Buried glacial aquifers in the eastern part of the county
have been contaminated by more highly mineralized
water from the underlying Dakota Sandstone and
Paleozoic rocks. (T. E. Kelly)

WYOMING

Twenty-eight aquifers in Natrona County

In Natrona County, central Wyoming, 28 aquifers
yield water to wells and springs. The aquifers range in
age from Precambrian to Quaternary. The ground
water is variable in chemical quality, and in approxi-
mately 40 percent of the area contains more than 1,000
mg/l of dissolved solids. Water of suitable quality for
livestock can be withdrawn (or flows) from most of the
aquifers at well depths of less than 1,000 feet.
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The Madison Limestone of Devonian and Mississip-
pian age underlies most of the county and has potential
for large yields to wells where it is fractured or contains
large solution channels. A well approximately 5,000 feet
deep in the northeast part of the county penetrated
about 190 feet of the Madison Limestone, and has a flow
estimated at 9,000 gpm. The water contains nearly 3,000
mg/l of dissolved solids and is classed as a sodium-
calcium sulfate water. Miocene and Pliocene rocks in the
southwestern part of the county contain large quantities
of water having less than 1,000 mg/1 of dissolved solids.
The maximum saturated thickness of these rocks is esti-
mated to be 1,000 feet. Ground water from deposits
along Bates Creek in the southeastern part of the county
could be used for irrigation and (or) to suptlement the
surface-water supplies. (M. A. Crist and M. E. Lowry)

SOUTH DAKOTA

Temperature variations in flowing wells

Temperatures of water flowing from strat» of Creta-
ceous age in wells of similar construction in South
Dakota are related to the depth of the well and the
volume of discharge. For large volumes of discharge,
the temperature at the surface is very nearly that of
the water in the formation. For wells of low flow, how-
ever, the temperature of the discharging water is not
as representative of formation temperature because it
has been cooled during the relatively slow movement of
water up the casing. In 1960 a well produ-ing water
from the Minnelusa Sandstone from a depth of 2,225
feet discharged 75 gpm at a temperature of 39°C
(102°F). In 1962, the flow had decreased to 24 gpm and
the temperature to 36°C (97°F) ; in 1965, the flow was
7 gpm and the temperature 32°C (90°F) ; and in 1967,
the flow was 3 gpm and the temperature 27°C (81°F).
(D. G. Adolphson and E. F. LeRoux, p. D60-D62)

Aquifers evaluated in Charles Mix and Dougl+s Counties

Buried-outwash aquifers underlie about 300 sq mi in
Charles Mix and Douglas Counties, southeastern South
Dakota. The aquifers consist of about 25 to 50 feet of
sand and gravel at depths of 150 to 200 feet and are
confined to a major preglacial stream channel. The water
level of these artesian aquifers ranges from a few feet
to about 100 feet below land surface. A water-table
aquifer in a surface outwash deposit, on the other hand,
has an areal extent of only about 12 sq mi; the deposit
is 20 to 45 feet thick. Preliminary chemical analyses
show that the total dissolved solids of this water ranges
from 300 to 2,000 mg/1. Upper Cretaceous bedrock aqui-
fers that are used extensively in the area are the Nio-
brara Formation, the Codell Sandstone Member of the
Carlile Shale, and the Dakota Sandstone. (Jack Kume)
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Deep glacial aquifer

A deep glacial aquifer, composed mostly of outwash,
underlies about 160 sq mi of Campbell County, north-
central South Dakota. The artesian aquifer occurs from
150 feet below land surface at Pollock in northwestern
Campbell County to 300 feet below land surface in the
southeastern part of the county, and is overlain by im-
permeable lakebed deposits or till. The aquifer averages
100 feet in thickness and contains about 214-million
acre-ft of water in transient storage. Water levels range
from 25 feet below land surface east of Mound City
to 50 feet below land surface at Pollock. Yields of 1,000
gpm or more can be obtained from properly constructed
wells. The water from the aquifer is predominantly
a sodium sulfate, sodium bicarbonate type. The average
quality of water as classified for irrigation has a high
salinity hazard and a medium sodium hazard. (N. C.
Koch)

Aquifer in southeastern South Dakota not fully developed

Large amounts of ground water, suitable for irriga-
tion, municipal, and industrial use, can be obtained
from glacial-outwash sand and gravel along the Big
Sioux River between the Brookings-Moody County line
and Sioux Falls. The outwash is not fully developed as
a source of ground water and can yield additional large
amounts of water. Probably as much as 30,000 acre-ft
per year more ground water than is currently being
used could be withdrawn from the outwash deposits for
irrigation or other purposes. This 30,000 acre-ft (9.78
billion gal) would be replaced annually by recharge
to the aquifer from precipitation. More than 19,000
acres of the outwash is underlain by at least 20 feet
of saturated sand and gravel, and properly completed
wells in this area should yield more than 350 gpm. Al-
though water from the outwash deposits is very hard,
it otherwise is of good chemical quality; most of it
meets standards for drinking water, irrigation, and in-
dustrial use. (M. J. Ellis, D. G. Adolphson, and R. E.
West)

Deep test well in Beadle County

Cores from a test well 1,253 feet deep in Beadle
County, east-central South Dakota, have shown that
the basement rock is a chlorite-hornblende gneiss, rather
than the Sioux Quartzite. An extremely: hard, coarse-
grained sandstone was penetrated at a depth of 1,214
feet. Ordinarily, drilling stops at this horizon, which is
assumed to be the Sioux Quartzite. In the Beadle County
test well, however, drilling continued through the hard
layer, into about 1 foot of unconsolidated sand, and then
into weathered basement rock. Beneath the weathered
zone, fractures in the basement rock have been filled
with calecite. (E. F. LeRoux)
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Trend toward deep artesian wells in south-central S~uth
Dakota

The Pierre Shale crops out over almost two-thirds of
Mellette County, and adequate supplies of suitable
ground water for domestic and stock use are difficult to
obtain. In most places the thin alluvial and terrace de-
posits are unreliable as aquifers. Because the deposits
are in contact with the Pierre Shale, which is relatively
soluble, the chemical quality of water from them is poor.
As a result, there has been a recent trend toward drilling
deep artesian wells (over three-quarters of the artesian
wells in Mellette County have been drilled since 1£50).
These deep wells are completed in the Dakota Sand-
stone, the Inyan Kara Group, or the Minnelusa Sand-
stone and Madison Group. Most of the artesian wells tap
the Dakota Sandstone, which is the shallowest of the
artesian aquifers (well depths range from 1,500 to £,500
feet). Water from the Dakota is usually soft to mcder-
ately hard and ranges in dissolved-solids content from
1,000 to 3,000 mg/1. Wells in the Inyan Kara Group
have to be drilled 200 to 300 feet deeper than those in
the Dakota. Although water from the Inyan Kara is
usually suitable only for livestock (2,500 to 4,000 mg/1
dissolved-solids content), it has a higher artesian head
than water in the Dakota; furthermore, flowing wells
can be obtained in an area almost twice that of the area
in which flowing wells can be obtained from the Dal-ota.
To tap the Minnelusa Sandstone and Madison Group,
which seem to function as a single aquifer, wells have to
be drilled 500 to 800 feet deeper than wells in the Dakota
Sandstone. The dissolved-solids content of water from
the Minnelusa and Madison ranges from 1,000 to £,000
mg/1, but it is extremely hard. The area where flowing
wells can be obtained in the Minnelusa and Madison is
approximately the same area as the Pierre Shale out-
crop. (M. J. Ellis, J. H. Ficken, and D. G. Adolph<on)

NEBRASKA

Ground water in southeastern Nebraska

Open fractures and solution cavities account for the
capacity of Permian rocks, which are a potential source
of water supply in Johnson, Nemaha, Pawnee, and
Richardson Counties, to store and transmit woter.
Locally, where fractures and solution cavities are abvnd-
ant, yields to wells are probably moderately large. but
elsewhere yields may be small. The unconsolidated gla-
cial deposits overlying the Permian rocks are compnsed
mostly of clayey till; they yield only small quantities
of water to wells. For this reason, newly obtained ir for-
mation on the water-yielding potential of the Permian
rocks should be valuable to those seeking ground-water
supplies for rural or urban development. (C. F. Keach)
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Basin fill in Moab and Spanish Valleys

Preliminary studies of the geology and water supplies
of Moab and Spanish Valleys, east-central Utah, show
that the valleys are a continuous basin of eolian and
alluvial sediments of Pleistocene and Holocene age
underlain by Paleozoic and Mesozoic formations. The
basin fill, which is as much as 300 feet thick and has a
saturated thickness that averages 50 feet, furnishes
municipal, irrigation, and domestic water supplies. In
a limited area on the northeast side of the basin, the
Wingate Sandstone (Upper Triassic) is a source of
both springs and well water. Quality of the water in
these areas is considered good, although the water is
hard. There is no evidence of salt-water contamination
from evaporites of the Paradox Member of the Hermosa
Formation (Middle Pennsylvanian). (C. T. Sumsion)

Artesian water in Cache Valley

Cache Valley is a graben-type valley extending south-
ward from Idaho into Utah. Ground water, which oc-
curs mostly under artesian conditions, is trapped in
stream and lake deposits of gravel, sand, and conglom-
erate by a blanket of silt and clay laid down in ancient
Lake Bonneville. Some flowing wells in the valley dis-
charge more than 2 cfs and many artesian springs in
local depressions on the valley floor discharge more than
4 cfs. The artesian heads in wells range mostly between
5 and 85 feet but are as much as 60 feet in places.
(L. J. Bjorklund and L. J. McCreevy)

Evapotranspiration consumes most water in Deep Creek
valley

Deep Creek valley, in the basins of western Utah, is
an area of 281,000 acres that is largely Federally owned
grazing land and Indian land; only about 4,000 acres
is cultivated. Water available to the basin comes from
an estimated 290,000 acre-ft per year of precipitation,
of which less than 10 percent runs off. Of the runoff, it
is estimated that 17,000 acre-ft per year becomes
ground-water recharge. Of the streamflow and ground-
water discharge, it is estimated that less than 1 percent
flows out of the valley; thus, mostly all the available
water is consumed within the valley. In contrast to
most. other desert basins in western Utah, all water
sampled in Deep Creek valley was fresh. (J. W. Hood
and K. M. Waddell)

Curlew Valley
budget

Annual ground-water recharge from precipitation in
the Curlew Valley drainage basin is estimated to be
about 72,000 acre-ft in Idaho and about 4,000 acre-ft in
Utah. About 36,000 acre-ft of ground water is estimated

reconnaissance gives ground-water
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as annual underflow from Idaho. Net loss by evapo-
transpiration from the ground-water system in Utah
is about 11,000 acre-ft annually, and pumpe ge is about
10,000 acre-ft annually. Discharge by springs and seeps
near the edge of Great Salt Lake is about 29,000 acre-ft
annually, but only about 10,000 acre-ft react ss the lake.
Concentrations of dissolved solids in water range from
as low as 300 mg/1 in the western portion of the valley
to about 3,000 mg/l in the eastern portion and near
10,000 mg/1 in the proximity of Great Salt Lake. (E. L.
Bolke and Donald Price)

Major factors affecting ground-water deve'opment in
Sink Valley

A study of the hydrology of Tooele and Box Elder
Counties, northwestern Utah, has shown that the prin-
cipal limiting factors to any major development of
ground water in Sink Valley are a low annual rate
of recharge and generally poor chemical quality of the
water. The total dissolved-solids content in water in
the shallower aquifers ranges from about 1,700 mg/1
at the upper end of the valley to about 2,800 mg/1 near
the lower end; water from deeper aquifer« is highly
saline locally. Although more than 400,000 acre-ft of
recoverable water is stored in the upper 100 feet of
saturated valley fill, the annual rate of rechar>e amounts
to only about 1,000 acre-ft. Pumpage witl drawals in
excess of 1,000 acre-ft a year over several years would
cause a progressive decline of water levels accompanied
by a general deterioration of the water quality. (Donald
Price and E. L. Bolke)

Quality of surface water in Bear River basin

Analyses of the chemical quality of water at 93 sam-
pling sites in the Bear River basin, Utah, Wyoming, and
Idaho in September 1967 indicates: (1) The concen-
tration of dissolved solids at all main-stem and major-
tributary sampling sites above the Malad Piver is less
than 700 mg/1. (2) The principal chemical constituents
in water at main-stem sampling sites above Bear Lake
are calcium and bicarbonate, and at main-stem sampling
sites below Bear Lake are magnesium and bicarbonate
(the mean daily outflow from Bear Lake during the
sampling period was approximately 1,000-1,500 cfs).
(8) At headwater sampling sites in the Malad River
valley, the concentration of dissolved solids is less than
500 mg/1; at downstream sites the concentretion ranges
from 1,680 to 4,380 mg/l. (4) The chemical quality of
the water is not significantly deteriorated by irrigation
return flows. (K. M. Waddell)

Quantitative studies in Utah Valley

An extensive aquifer test in southern U*ah Valley,
central Utah, was made during January-March 1967
by the U.S. Geological Survey in cooperation with the
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Utah State Engineer. The purpose of the test was to
obtain data about the hydraulic characteristics of the
aquifer in the valley and to determine whether pumping
large-diameter wells decreased artesian pressures and
resulting flow from the numerous small-diameter flow-
ing wells in the valley.

The test data indicate that pumping in the area of
large-discharge wells contributes to a general lowering
of water levels in southern Utah Valley. The more wells
that are pumped, with the resulting increase in total
discharge, the more the water levels will be drawn down.
This lowering in the area of pumped wells results in
some lowering of water levels and diminished flow from
other wells located in the flowing-well area. The amount
of decline diminishes with an increase in distance from
the pumped well. Pumping from wells that tap deep
horizons lowers the water levels in wells tapping shal-
lower horizons. However, the amount of lowering is
less in a shallow well than it is in a deep well at the
same distance from the pumped deep well. The test data
also indicate that mutual interference among flowing
wells in some areas may result in greater water level
declines in the flowing wells than is caused by pump-
ing. The discharge of 5 wells pumped represents about
16 percent of the potential maximum discharge of
pumps on 41 existing large-diameter wells in southern
Utah Valley. The water-level decline produced by
pumping all 41 of the weils would, consequently, be
appreciably greater than it was during the test. How-
ever, the amount of water discharged by flowing wells
annually is almost three times as great as the amount
pumped. Therefore, flowing wells cause more of the
total decline of water levels in southern Utah Valley
than do the pumped wells. (R. M. Cordova and R. W.
Mower)

Major thermal springs of Utah

A1l of the hot springs and most of the warm springs
of Utah are in the western half of the State and nearly
all are in or very near fault zones. Although few of
the springs actually issue from volcanic rocks, several
springs are close to areas of upper Tertiary or Quater-
nary volcanics. Some ion ratios and concentrations of
individual constituents for some thermal springs in
Utah are similar to those for known voleanic springs in
other parts of the world. Although minute amounts of
volcanic, connate, or metamorphic water may be pres-
ent in the discharge of some springs, the available
chemical data furnish no proof; thus it is probable that
all or nearly all the water is of meteoric origin. In Utah,
only 3 springs—Thermo, Abraham, and Roosevelt—
have temperatures near the boiling point of water, with
maximum observed temperatures of between 82°C and
88°C (180°F and 190°F). A1l three springs are in or
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near areas of late Tertiary or Quaternary volcanism.
The average dissolved-solids content of Thermo Hot
Spring is about 1450 mg/1, of Roosevelt Hot Spring
about 7,000 mg/1, and of Abraham Hot Spring ahout
3,600 mg/1. The water of Abraham and Roosevelt Hot
Springs is sodium chloride type, and that of Thermo
Hot Spring is sodiwm sulfate-bicarbonate. (J. C.
Mundorff)

Wasatch Mountain valleys of central Utah have adecnate
fresh water

In the Heber-Kamas-Park City area, which com-
prises four small valleys and most of the surrounding
watershed, the quantity of water available, though
hardly abundant, is adequate for present and projected
needs. Irrigation requirements are generally satisfied
from surface-water sources. Numerous springs arsund
the margins of the valleys and shallow wells ir. the
valley fill furnish plentiful supplies of water for
domestic and municipal use. In the mountains, mine
workings near Park City tap very large flows of vater
in fractures, but wells that fail to penetrate the water-
bearing fractures are only fair to poor producers. Most
of the water is of calcium bicarbonate type, although
locally calcium sulfate water is found, and all of the
water is hard to very hard but otherwise suitable for
most uses. An unusual hydrologic feature of Feber
Valley, in western Wasatch County, is an occurren-e of
dome-type thermal springs called “the hot pots.” Most
of the springs no longer flow, but are mere pools of
warm water filling shallow craters in the tops of
mounds of calcareous tufa. The temperature of the
water in these “hot pots” ranges from 12.2°C to 34.4°C
(54°F-94°F). Adjacent pots may have temperatures
differing by as much as 6.7°C (11.1°F) and water lovels
differing by more than 10 feet. Seven flowing thermal
springs in the area discharge about 7 cfs of water with
a temperature range of 30.6°C to 45.6°C (87°F-114°F).
The water is saturated with respect to calcium carhon-
ate, and upon standing the pH of the water decrsases
and calcium carbonate is precipitated. Although the
springs are not very active at the present time, the tufa
deposit surrounding the springs covers an area of about
414 sq mi and is as much as 70 feet thick, indicating a
long period of spring discharge in the past. The source
of the heat is not known. (C. H. Baker, Jr.)

COLORADO

Multiaquifer wells in southeastern Colorado

About 750 irrigation wells withdraw water from
artesian and water-table aquifers in Baca and southern
Prowers Counties. About 70 percent of these wells tap
more than one formation. The water most commonly is
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obtained from combinations of two or more of the fol-
lowing : the Ogallala Formation, the Dakota Sandstone,
the Cheyenne Sandstone Member of the Purgatoire
Formation, and the Dockum Group. In north-central
Baca County, the Ogallala and Dakota are being de-
watered, and water levels continue to decline 3 to 5
feet per year. The chemical quality of the water being
withdrawn is suitable for irrigation, although it varies
widely; specific conductance values range from 250 to
3,000 pmho. The potassium content of the water is note-
worthy because it is as much as 20 mg/1 in some wells
(L. A. Hershey, D. B. Richards, and R. K. Glanzman)

Ground water studied in Rocky Mountain National Park

A supplemental ground-water supply for the head-
quarters facilities at Rocky Mountain National Park
was located by geologic reconnaissance mapping. Test
drilling indicates that abundant ground water occurs
in the alluvial fill of Moraine Park, a small valley
bordered by glacial moraines. Wells yielding more than
100 gpm can be developed. (J. E. Moore and F. A.
Welder)

Boundary between water table and artesian aquifers
delineated by geophysical logging in San Luis Valley

In the San Luis Valley, southern Colorado, a clay
series that ranges in thickness from 5 to 20 feet acts as
an aquiclude and hence as the boundary between the
water table and artesian aquifers. This clay series has
been delineated by 60,000 feet of geophysical logging in
70 holes; it occurs from 30 to 150 feet below the land
surface in an area of approximately 2,500 sq mi. (P. A.
Emery and A. J. Boettcher)

Analog-model study of Arkansas River valley

A test of the Arkansas Valley analog model shows
agreement with results of field measurements of water-
level change for the period May 1 to October 1, 1964.
Prestressing the model by imposing antecedent condi-
tions significantly improved agreement between model
results and observed changes for the test period. In
order to simulate antecedent conditions, the withdrawal
by wells, recharge from applied water, and precipitation
were programmed for the period October 1963 to May
1964. The model showed a decrease of 69,000 acre-ft in
ground-water storage during the test period, which com-
pares favorably with the decrease of 85,000 acre-ft com-
puted from field measurements. (J. E. Moore and O. J.
Taylor)

KANSAS

Aquifer characteristics of southwestern Kansas evaluated

An analysis of data from numerous aquifer tests indi-
cates that potential well yields in unconsolidated de-
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posits in southwestern Kansas are predictable on the
basis of saturated thickness and aquifer characteristics.
A study of specific capacity, transmissibility, coefficient
of storage, and percentage of sand and gravel showed
that five aquifer types could be distinguished. Areas in
Kearny County were delineated where the yield was ob-
tained from (1) a shallow unconfined aquifer in the
Arkansas River valley, (2) an unconfined aquifer in the
uplands, (3) a deep artesian or confined aquifer east
of the Syracuse fault, (4) a combination of the deep
artesian and unconfined upland aquifers. and (5) a
combination of the deep artesian and the unconfined
valley aquifers. A plot of yields versus total saturated
thickness showed a family of curves that exemplified
the different aquifer types. Potential well yields esti-
mated on the basis of saturated thickness for each of
the aquifers showed reasonable agreement with the
yields reported for about 150 irrigation vells. (E. D.
Gutentag and D. H. Lobmeyer)

Irrigation-well use increases in northwester~ Kansas

In six counties of northwestern Kansas the number
of wells drilled for irrigation increased 25 percent in
the past 2 years. The area under irrigation is reported
to be 130,000 acres, and the annual pumpage is com-
puted to be 200,000 acre-ft. Sherman County has the
largest number of wells (335) and the largest irrigated
acreage (55,000). Preliminary study of wells powered
by natural-gas engines indicates that the amount of gas
required to pump 1 acre-ft of water range~ from 3,500
to 10,000 cu ft, depending upon the lift and pressure
head at the pump. An average of 4,200 cu ft of natural
gas is required to lift 1 acre-ft of water to the land sur-
face in the valleys, whereas 7,000 cu ft is renuired in the
upland areas. (E. D. Jenkins, R. S. Rober's, and R. H.
Pearl)

Digital-computer usage and programming
The following programs have been developed for
water-resources studied in Kansas:

1. A program that computes and tabulates results of
seepage runs including stream discharge and water
quality at specific sites.

2. A program that calculates accretion of water to the
water table.

3. A program that correlates stream stage with depth
to water in wells.

4. A program that plots flood recurrence ir tervals using
the Gumbel method.

5. A program that computes theoretical water levels in
the vicinity of an infinite well field (S. W. Fader,
10459).
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6. A program that sorts water-analysis data by strati-
graphic unit and calculates basic statistics for
chemical analyses of water. This program was
developed in connection with a continuing study
of saline water in the State, and it includes several
thousand analyses obtained from the petroleum
industry.

7. A program for water-quality data synthesis, desig-
nated the “Ropes” program, is used to facilitate
interpretation of surface- and ground-water data.
The program provides graphic output of water-
quality data as well as such associated parameters
as stream discharge, well depth, and geologic
source. In addition, the program presents summary
distributions from a group of chemical analyses on
a graphic plot, similar to the semilog milliequiva-
lents per liter plots for a single analysis.

ARIZONA

Ground water in southern Coconino County

The major aquifer in southern Coconino County,
central Arizona, is the Coconino Sandstone, which is
estimated to contain about 80,000,000 acre-ft of water
at depths of less than 2,000 feet below the land surface.
Recharge to the aquifer is about 180,000 acre-ft per
year, but pumpage in 1966 amounted to only 2,000 acre-
ft. Ground-water withdrawal is limited by the depth to
water and the low transmissibility of the aquifer. Water
levels range from 200 to 2,000 feet below the land sur-
face. The average coefficient of transmissibility is prob-
ably less than 5,000 gpd per ft, but may exceed 50,000
gpd per ft in fractured areas. (E. H. McGavock, W. L.
Werrell,and J. B. Gillespie)

Quality of ground water in Beardsley area

Four main ground-water types—sodium bicarbonate,
calcium bicarbonate, sodium chloride, and calcium
chloride and sulfate—occur in the Beardsley area, Salt
River valley, central Arizona. The sodium bicarbonate
water occurs in coarser sediments consisting mainly of
light-colored (felsic) crystalline rocks, the calcium bi-
carbonate water occurs in sediments consisting mainly
of dark-colored (mafic) crystalline rocks, and the
sodium chloride and calcium chloride and sulfate water
oceurs in silt-clay gypsiferous sediments.

Observed changes in the quality of the ground water
since 1946 have been caused mainly by migration of bad-
quality water northward from the Gila River and in-
terception of water of better quality where wells have
been deepened. Recirculation of salts in irrigation water
may have caused the deterioration of ground water in
some areas. Nitrate concentrations as great as 100 mg/1
were reported as long ago as 1905. Recent data sub-
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stantiate the reports. The area of high nitrate content is
in the east-central part of the area. Records since 1935
on the nitrate concentration in water from several wells
show that, in general, the concentration decreased vhen
the wells were deepened. (L. R. Kister)

Runoff in Tucson basin

In a 28-year period the mean annual number of days
without flow at gaging stations in the Tucson basin
ranged from 8 days at Sonoita Creek near Patagonia to
338 days at Rillito Creek near Tucson, southeastern
Arizona. The median flow exceeded 1 cfs only at So-
noita Creek near Patagonia, the Santa Cruz B-ver
near Nogales, and Pantano Wash near Vail. The same
streams that are dry for long periods produce flhods
that often exceed the capacity of the main channel. On
the Santa Cruz River, 93 percent of the floods abcve a
flow that is selected to include an average of 3 p-aks
each year have occurred in July, August, or September. .
The mean annual flow in the basin is highly varicble;
the coefficient of variation for the mean annual flow
ranges from 0.49 at Sonoita Creek near Patagonia to
1.57 for Rillito Creek near Tucson. (A. C. de la Torre)

Tucson basin analog-model study

An electrical-analog model of the Tucson ltasin
hydrologic system has been constructed and is being
analyzed. The model] is to be used to determine the pos-
sible effects of different ground-water-managerent
schemes on the regional water levels. It indicates that in
the southern part of the basin, where water levels are at
relatively shallow depths, about 25 percent of the irri-
gation water applied to the land returns to the ground-
water reservoir. The model also indicates that about
50,000 acre-ft of water per year that was formerly bring
lost through evapotranspiration is now being diverted
to pumped ground water. (W. T. Anderson)

TEXAS

Fresh ground-water supply beneath Galveston Bay

The occurrence of artesian fresh ground water uner-
lying Galveston Bay is being studied as a part of an
investigation of the ground-water resources of Ckam-
bers and Jefferson Counties. The fresh water, which
occurs in the lower part of the Chicot aquifer betveen
about 250 and about 800 feet below sea level in this
area, is available under about 250 sq mi of the bay. An
average of 100 feet of sand contains the fresh water, and
the maximum thickness of saturated sand approaches
200 feet in places. Information about the aquifer ccmes
mainly from many electric logs and a number of
analyses of water samples. About 5-million acre-ft of
fresh water is in storage, but the threat of salt-w-ter
encroachment would limit the full development of the
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supply. Because the fresh water underlies Galveston
Bay, only a small amount of the water has been tapped
by wells for use. (J. B. Wesselman )

Quadlity of surface waters of Colorado River basin, Texas

Natural runoff in most of the Colorado River basin in
Texas is of good chemical quality and is suitable for
most municipal, industrial, and agricultural purposes,
but the quality of the water in some parts of the basin
has been degraded by municipal and industrial wastes.
The dissolved-solids concentration in most tributary
streams averages less than 250 mg/l, but the saline
inflow in the upper part of the basin keeps the average
concentration in the main stem above 250 mg/1 through-
out its length. However, all the water-supply reservoirs
in the basin contain water of acceptable quality for most
uses, and water available for storage at potential reser-
voir sites is also of good quality. (D. K. Keifeste and M.
W. Lansford)

PACIFIC COAST REGION

The hydrologic and cultural extremes characteristic
of the seven States in the Pacific coast region (fig. 4)
contain diverse environments. A wide variety of water-
resources studies is carried out within these States.

Within the region, almost all the known tools and
methods of hydrology are being used to satisfy the ever-
present and accelerating demand by water users and
planners for a more precise definition of the occurrence,
use, and effects of development of all water resources.
Many areal and topical projects are directed toward
answering this demand.

Studies being made in the area of Puget Sound, in the
Willamette and Columbia River basins, and in Alaska
are providing a broad base of data for another growing
need, namely, comprehensive descriptions of the quan-
tity and quality of water available, its use, and poten-
tial for development in large geographic areas.

Along with these areally large studies, smaller proj-
ects for resolving particular problems are being carried
out. New sources that provide larger supplies or water
of better quality for small areas have been discovered
in California, and means of improving existing supplies
are being investigated in Hawaii. Streams and ground-
water aquifers are monitored to provide data used to
establish the effects of climatologic change and water
use on sources of supply throughout the region. Increas-
ingly, analog and digital models are providing solutions
to complex problems. Data relating the causes and
effects of changing ground-water levels and stream-
flow provide the information needed by managers and
planners seeking maximum benefit from existing
supplies.
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Significant results obtained from studies riade in the
region are presented in the following sections.

HAWAII

Runoff exceeds apparent rainfall

The mean annual rainfall at Waialeale on the island
of Kauai, as measured in a storage gage for a period of
38 years, is 486 inches. Recent measurement~ of runoff
from an adjacent 6,600-sq-ft plot of natural ground,
located to the leeward of the rain gage, snggest that
rainfall at Waialeale is even greater than i+ indicated
by the gage record. Usable records for 607 days between
August 1965 and July 1967 show that runoff was nearly
30 percent greater than rainfall caught by the storage
gage. (G. T. Hirashima)

Dikes impound ground-water reservoir

Numerous intersecting dikes within the central part
of the west Maui mountain, where rainfall exceeds 100
inches a year, have impounded a large high-level body
of ground water that maintains the base flov of peren-
nial streams in the Lahaina district on the island of
Maui. Of the 340 mgd of rain that falls in the district,
about 250 mgd falls over the recharge area. Streamflow
is estimated to be 100 mgd, of which 55 mgd is diverted
for irrigation and domestic use. About 50 mgd is
pumped for irrigation from the basal water body that
lies near sea.level between the high-level water body and
the shore. The fresh-water lens is thin owing to the ab-
sence of a confining caprock structure that would retard
discharge of fresh ground water to the se~. (George
Yamanaga and C. J. Huxel, Jr.)

Doubled water supply possible for Waianae

Because more ground water is lost through evapo-
transpiration than is used productively in tl» Waianae
District, on the island of Oahu, the greatest potential
for additional development lies in reducing that loss.
A large part of the total evapotranspiration takes place
in low-lying coastal areas underlain by ccralline de-
posits where the water table is at shallow depths and
the cover by nonbeneficial plants is heavy. T"hose areas
contain ground water of poor quality and are now use-
less as a source of fresh water because water levels can-
not be sufficiently lowered to reduce the amount of water
used by plants. However, in mountainous aveas, where
evapotranspiration is less but still significant and where
water levels are also at shallow depth, dikes and other
poorly permeable rocks impound ground water of good
quality in a basaltic-rock aquifer. Loweriny of water
levels in that aquifer by drainage to tunncls and by
pumping could reduce evapotranspiration and provide
at least a twofold increase over the 1967 use of 4 mgd.
(K. J. Takasaki)
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GUAM

Eroded surface controls ground-water flow

The principal water-bearing rock in northern Guam
is a highly permeable limestone overlying an irregular
surface eroded in nearly impermeable volcanic rock. In
most of the area the limestone aquifer extends below sea
level and, therefore, is subject to sea-water intrusion that
causes high salinity of ground water in most coastal
zones and in many areas of heavy pumping. Studies
suggest, however, that the shape of the volcanic surface
controls the flow of much of the fresh ground water
and retards the inland movement of sea water through
the limestone in some areas. (D. A. Davis and C. J.
Huxel, Jr.)

ALASKA

Water availability predicted for southeastern Alaska

Preliminary conclusions from a water-resources in-
vestigation in the Greater Juneau Borough are as fol-
lows: The principal aquifer on Douglas Island is
metamorphic bedrock that is not expected to yield more
than a few gallons per minute to wells. A specific capac-
ity of 16 gpm per ft and a transmissibility of 20,000
gpd per ft was calculated using data from an aquifer-
performance test of a 100-foot test well drilled in
Juneau. In Mendenhall Valley, the water table fluctu-
ates at least 4 ft per yr and the river gains about 7 cfs
per mi from ground water. Although the chemical qual-
ity of water from the river during low-flow periods is
very similar to that from wells in the area, the water is
unusable without treatment to remove glacial flour. The
average area of the 80 drainage basins in the 450-sq-mi
study area is less than 5 sq mi. During low-flow periods
in 196667, only 5 streams discharged more than 50 cfs
and 11 discharged more than 5 cfs. The dissolved-solids
concentration in 37 stream samples ranged from 20 to
200 mg/] and averaged 57 mg/1. In nearby Haines and
Port Chilkoot, ground-water supplies adequate to allow
expansion of municipal systems now dependent on sur-
face-water sources are available, according to data
obtained from test wells. However, water quality ranges
from very good to poor. (J. A. McConaghy)

Water use in Anchorage

Static water levels near the Anchorage city well field
have declined 10 to 20 feet since 1957. Water use during
the 5-year period 1962-67 increased from 16 mgd in 1962
to 24 mgd in 1967, an average annual increase of 8 per-
cent. In 1967, 14 mgd was obtained from Ship Creek
and 10 mgd from wells. Data from geophysical surveys
suggest that no salt water occurs in the 800 to 1,000 feet
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of Pleistocene sediments underlying the surveyed area,
and that a north-northeast-trending bedrock fault ex-
tending along the front of the Chugach Mountains has
at least 800 feet of vertical displacement. (W. W. Barn-
well, R. S. George, and L. L. Dearborn)

Ground water abundant in Susitna River area

Throughout most of the area between Palmer and
Talkeetna, well yields of 10 to 50 gpm are predicted;
however, in the western part of the area, adjacert to
the Susitna River and its principal tributaries, yields
in excess of 500 gpm are obtainable. Although it con-
tains objectionable concentrations of iron at places,
the water is generally of good quality and contairs 50
to 200 mg/1 hardness. Boron concentrations of 2.6 mg/1
in ground water and 0.9 mg/1 in surface-water samrples
occur near Palmer, and might cause problems if the
water is used for irrigation of boron-sensitive plants.
The area containing boron extends westward berond
Wassila, northward up to the valley of the Matanuska
River, and southward to the Anchorage area. (A. J.
Feulner and L. C. M. Friedman)

Earthquake did not affect water quality in
south-central Alaska

Most public water supplies in south-central Alaska
are of the calcium-magnesium bicarbonate type and con-
tain moderate concentrations of dissolved solids. Nearly
all are acceptable by Public Health Service standards.
Water supplies containing excessively high concentra-
tions of calcium, magnesium, and chloride were found
in the Copper River region. Sodium-potassium chloride
and sodium-potassium bicarbonate types of water of
high concentration were found in some coastal regions
in the Kenai Peninsula. These data were obtained dur-
ing a postearthquake study of the quality of public
water supplies. No effects of the 1964 earthquake were
detected. (C. G. Angelo and H. L. Heyward)

WASHINGTON

Ancient glacial channels may control modern w-ater
supplies near Tacoma

Locating aquifers that will yield more than 400 gpm
to wells in the Federal Way area northeast of Tacoma
in western Washington is difficult. Sand and gravel
aquifers overlain by as much as 100 feet of till, and
underlain by a thick section of fine-grained sedim-nts,
occur under parts of the area. Drillers’ logs of wells,
and the linear arrangement of successful wells, suggest
that the aquifers are buried glacial outwash-channel
deposits. The first test well in a proposed series was suc-
cessful in obtaining the desired yield from these saui-
fers. (D. R. Cline)
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Washington water use is 7 million acre-ft in 1965

Nearly 7 million acre-ft of water was used in Wash-
ington in 1965 for municipal, industrial, and irrigation
supply. About 13 percent of this amount was pumped
from wells. The irrigation demand was 5,500,000 acre-ft,
95 percent of which was supplied from surface-water
sources. Irrigation demand was greatest in the eastern
part of the State where rainfall is low. Public-supply
agencies provided about 950,000 acre-ft of water for
municipal and industrial purposes, of which 70 percent
was obtained from surface-water sources. The per-
capita consumption for domestic use only, by the nearly
214 million people served, was 125 gpd. Industrial use,
supplied by both municipal and private systems,
amounted to about an additional 970,000 acre-ft. The
pulp and paper industry accounted for about two-thirds
of the industrial use. (L. B. Laird and K. L. Walters)

Water quality limits use of ground water in
Cowlitz County

Most of Cowlitz County, southwestern Washington,
has quantities of ground water adequate for present and
foreseeable needs, but locally use of the water is limited
because of its quality. In some localities iron concentra-
tions are more than 4.0 mg/1 and in numerous places
chloride concentrations exceed 200 mg/l. Yields from
wells screened in fluvial sand and gravel range up to
3,000 gpm. (D. A. Myer)

Irrigation causes extensive water-level decline
near Odessa

Water levels have declined at rates ranging from less
than 10 feet to more than 20 feet per year in a 300-sq-mi
area between Weber Coulee and Crab Creek, near
Odessa in eastern Washington, as a result of increased
pumping from wells that tap areally extensive basalt
aquifers. Water-level declines in the Odessa area were
first noted in 1963-65 by A. A. Garrett. Pumpage has
increased from about 12,000 acre-ft (from about 170
wells) in 1963 to about 50,000 acre-ft (from about 140
wells) in 1967. (J. E. Luzier)

Salt-water encroachment in coastal areas of Washington

An investigation by K. L. Walters and others of
sea-water encroachment along the coast and marine
waterways of Washington has revealed that saline con-
tamination of ground water has occurred only locally,
and that the problem, in general, is not serious.
Encroachment has been detected at some wells near the
shore where pumpage has been exceptionally heavy
and at a few shallow wells on the beach. Definite but
small-scale encroachment has occurred at two localities
at Tacoma, at a few isolated places near Olympia in
individual domestic wells, and in Kitsap County. Of
220 wells in Kitsap County potentially subject to
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encroachment because of their near-shore loc~tion, only
33 produced water with a sufficiently high chloride con-
tent to suggest incipient-encroachment. Of these, only
14 contained as much as 20 mg/1 of chloride, about 4
times the concentration of chloride normally found in
ground water in western Washington.

OREGON

Ninety percent of Tualatin River fiow discharned during
winter months

The 708-sq-mi area of the Tualatin River basin near
Portland discharges an average volume of about 1 mil-
lion acre-ft annually, but only about 10 percent of the
total discharge occurs during the 6 months of May
through October. A statistical appraisal of unregulated
streamflow also indicates that, although they drain only
27 percent of the basin area, the Upper Tualatin River,
Gales Creek, and East Fork Dairy Creek provide about
58 percent of the low flow, 37 percent of the average
flow, and 385 percent of the high flow in the Tualatin
River. (C. H. Swift I1T)

Travel rates little affected by sireambed slores

Travel-time studies made at low flow, us'ng Rhoda-
mine B dye, indicate that in the John Day Piver above
the North Fork, where the average streaml~d slope is
99 ft per mi, the travel rate is 1.2 mph, wheveas on the
South Fork John Day River, where the avorage slope
is 44 ft per mi, the travel rate was less then 0.3 mph.
At moderately high flows, travel rates exceeded 2.5 mph
on several stream reaches. (D. D. Harris)

Ground water of good quality abundant in
Willamette Basin

Ninety percent of ground water-sample: from the
Williamette River basin in northwestern Oregon con-
tained less than 500 mg/1 of dissolved solids. This sug-
gests that water of good quality is available throughout
most of the basin, although local water-quality prob-
lems do exist. The dissolved-solids content consists pri-
marily of calcium, sodium bicarbonate, and silica. Iron
concentrations in many wells north of Salem are greater
than 0.3 mg/l. Orthophosphate was found in varying
concentrations throughout the basin, and Figh arsenic
concentrations were reported from wells tapping the
Fisher Formation near Eugene. Water containing more
than 1,000 mg/1 of dissolved solids (predominantly so-
dium, calcium, and chloride) is found in deep aquifers
underlying Portland, in parts of the Tualatin Valley, in
the Willamette valley north of Salem, and at Gladstone.
“Salty” water, too highly mineralized for most uses, has
been reported from bedrock wells in several parts of
the Coast Range on the west side of the basin. (J. J. S.
Yee)



WATER RESOURCES

Eighty percent of precipitation infilirates dune sands

Nearly 80 percent of the 78.5 inches of average annual
precipitation on the Clatsop County dune-sand area
infiltrates the sands. A large part of the ground water
now discharges unused to the ocean while only an in-
significant quantity is pumped from wells. Data from
three test wells indicate that large quantities of water
of good chemical quality can be pumped from wells,
although troublesome concentrations of dissolved iron
may occur in some places. (F. J. Frank)

Oregon's ground-water potential

Oregon is the first Pacific coast region State whose
total ground-water resource has been estimated. A com-
pilation of all available data, supplemented by esti-
mates, suggests that in its 18 major drainage-basin re-
gions, Oregon is underlain by more than 250 million
acre-ft of ground water at depths of less than 500 feet.
Additional potential subsurface storage capacity is esti-
mated to be between 55 and 60 million acre-ft, a signifi-
cant part of which can be developed by artificial
recharge if need arises. (J. H. Robinson)

CALIFORNIA

Historic trends in water diversions in southern California

The trend toward consolidating a number of small
units into a few large units prevails in water-resources
development as in many other fields, according to a
study of the Santa Ana River in southern California.
The first diversion was made in Orange County in the
vicinity of Olive, in 1810 or 1811. At that time, flow
was continuous most of each year to a point between
Olive and Orange. Diversion from the Upper Santa Ana
River, between the mouth of Santa Ana Canyon and
Colton, began in about 1855. Many diversions were made
between the mouth of Santa Ana Canyon and Olive
in following years. The many small diversions have been
consolidated in the major systems of today. The di-
versions from the tributaries have followed the same
patterns as that of the Santa Ana River, beginning with
the first diversion from Mill Creek in 1821. In the last
10 years many of the water companies that had diverted
water from the Santa Ana River or from its tributaries
have sold their water rights and facilities to county
water districts. The districts have consolidated those
systems under one management, and they supply water
to the area formerly serviced by the many water
companies. (M. G. Scott)

Ground water in Soquel-Aptos area

The major aquifers in the Soquel-Aptos area of cen-
tral coastal California are sandstone beds in the Puri-
sima Formation of Pliocene age. Ground water in the
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sandstone beds is confined and for the most par* dis-
charges to Monterey Bay. Water quality is generally
suitable for municipal supplies. Salt water has not yet
intruded past the coastline, but as withdrawals near
the coast increase, salt water probably will be dravn in.
(J. J. Hickey)
Potable water at Lava Beds National Monument

Water from shallow wells at the northern boundary
of Lava Beds National Monument in northern Cali-
fornia is of such poor quality as to be unacceptable for
human consumption. However, water of excellent qual-
ity having a dissolved-solids concentration of about
200 mg/1 may be available from a confined aquifer at
a depth of approximately 2,000 feet, because several
successful wells were completed to that depth recently
in areas peripheral to the monument in a geologically
comparable environment. (W. R. Hotchkiss)

Santa Ana salinity-barrier water source assured
Completion of a well yielding 2,000 gpm of very
soft amber-colored water, with a total dissolved-solids
concentration of 250 mg/1 indicates that the deep coastal
aquifers in Orange County should be an excellent source
of supply for the Santa Ana salinity barrier. Hovever,
the water would require treatment for removal of color
before use as a domestic supply. (J. A. Moreland)

IDAHO

ldaho’s first ground-water network

An observation-well network to monitor seasonsl and
long-term water-level fluctuations and to aid in early
detection of ground-water problems has been estab-
lished in southwestern Idaho. A preliminary report on
this, Idaho’s first regional ground-water surveillance
system, includes well descriptions and locations and a
statement of criteria used to select wells for the netvork.
(N.P. Dion and M. L. Griffiths)

Interbasin movement of ground water through basalt in
southeastern Idaho

The configuration of ground-water contours suggests
that water from the Blackfoot River basins in south-
eastern Idaho is moving through fractured basalt into
the Bear River basin and thence, in turn, moving into
the Portneuf River basin. As a result, surface-water and
ground-water divides in these basins are by no means
coincident and may be widely separated areally. Al-
though interbasin movement of ground water has been
reported from carbonate-rock areas in Nevada, the “daho
occurrence is perhaps the first to be discovered in which
volcanic rocks provide natural conduits for trans-
mountain flow. (N. P. Dion)
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Three-fourths of water diverted returns to Snake River
between Heise and Blackfoot

In the reach of the Snake River between Heise and
Blackfoot, in southeastern Idaho, the diversion of in-
creased volumes of water onto the Snake River Plain
may not increase proportionately the quantity of water
retained in storage in the aquifer. Computations of
gains or losses in the river reach using figures of annual
mean discharge show that inflow to the reach, less diver-
sions, is greater than outflow at the lower end of the
reach, except in years during which the diversions are
exceptionally large. The diversions and the losses com-
puted annually for each year of record (1919-65) have
a high degree of correlation. On the average, an increase
of 1,000 cfs in diversions decreases river losses in the
reach about 750 cfs. The following deductions can be
made from this relationship: (1) larger apparent losses
occur in the river reach as diversions are reduced; (2) a
large and continuing loss from the river channel re-
charges the ground water; (3) within the range of the
recorded irrigation diversions, loss from the channel is
counteracted by recharge to the channel resulting from
irrigation diversions at a rate of about three-fourths of
the irrigation diversions; (4) from item 3 it can be
assumed that if artificial recharge of the aquifer were
attempted within the area irrigated by these diversions,
the river, not the ground water, might receive the major
part of the increase. (C. A. Thomas)

NEVADA

Faults hinder salvage of annual yield

Pumping for irrigation in Hualapai Flat, northwest-
ern Nevada, during 1967 equaled the estimated 7,000
acre-ft yearly yield of the basin. Faults between the
area of concentrated pumping in the north end of the
valley and the area of natural discharge may hinder
salvage of this discharge. Thus, it may not be possible
to salvage the entire yield by sustained pumping in the
area of development. (J. R. Harrill)

Supplemental irrigation water available in Mason Valley

About one-half the average surface-water inflow,
216,000 acre-ft, is consumed by users in the Mason Valley
of west-central Nevada. During an average year, about
41,000 acre-ft is consumed by crops, 57,000 acre-ft by
phreatophytes, and 10,000 acre-ft by domestic, indus-
trial, and municipal use. This indicates that supple-
mental irrigation water can be pumped from the ground-
water reservoir during years of low flow in the Walker
River and that the aquifers can be recharged in later
years of heavy runoff. (C. J. Huxel, Jr., and E. E.
Harris)

RESOURCE INVESTIGATIONS

SALINE WATER

In the past, hydrologic studies relating to ss line water
have tended to regard the water only as a menace to
fresh-water supplies. Recent developmentc—mainly
growing scarcity of new supplies of low-cost fresh-
water—make this philosophy obsolete, and projects are
now being formulated by the Geological Survey which
will give due consideration to saline water snd saline-
water aquifers as possible valuable resourcns.

The projects, coordinated by F. A. Kohcnt, of the
Survey’s Water Resources Division, revolve around two
fundamental changes in our culture and technology. The
first of these is pollution control in surface streams and
the establishment of water-quality standards by the
individual States under the guidance of tho Federal
Water Pollution Control Administration and the Secre-
tary of the Interior. The second is that in tho effort to
clean up surface streams, attention has been focused on
saline ground-water reservoirs (aquifers) ss ppossible
storage sites for untreatable industrial wastes. At
present, the impact of injecting waste into szline water
now occupying the aquifer pore space is not well known.

It is also believed that artesian saline aquifers
(capped by an impermeable layer) can ac-ept fresh
water in the form of a bubble or lens surrounding an
injection well, and it is known that only the outer sur-
face of the bubble will be contaminated by the saline
water. Thus it is hoped that fresh water can be injected
into a saline aquifer during times of excess mnoff, and
the fresh water can be retrieved during subs»quent dry
seasons. The technique is being tested near Nc+folk, Va.,
by D. L. Brown in a cooperative project with the city
and State (see “Ground-Water Hydrology” in section
“Geologic and Hydrologic Principles, Processes, and
Techniques”). A successful small-scale test of similar
type was made at Camp Peary near Williamsburg
during World War II.

At the same time that the pore space of s~line aqui-
fers has become potentially valuable for storage of
waste, or of fresh water, advances in dosalination
technology are lowering the cost of desalting saline
water. Thus, saline water itself is recognized as having
intrinsic value for solving water-supply shortages in
some areas.

Therefore, saline-water aquifers may beccme impor-
tant for storage of waste or storage of fresh water, and
may also be sources of water for desalination. To decide
the best use for a given aquifer, there mus* be an as-
sessment of the aquifer’s vertical and latera] Iwundaries,
the chemistry of its rock particles and its native water,
and its yield characteristics (or, reciprocally, its ability
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to accept liquid wastes). Similar studies must be made
also of adjacent fresh-water aquifers that might be
influenced by these activities. New studies will be
developed to satisfy this need for information.

One such project will be started in fiscal year 1969 in
the Rio Grande Water Resources Region in cooperation
with the Office of Saline Water, U.S. Department of the
Interior. A smaller, more detailed study which will in-
clude the economic aspects of saline-water utilization
will be conducted in the Tularosa Basin, N. Mex., a sub-
region of the Rio Grande, and the site of the city of
Alamogordo and the White Sands Missile Range. The
study will be made by the Geological Survey and the
New Mexico Water Resources Research Institute under
the combined fiscal cooperation of these agencies, the
Office of the New Mexico State Engineer, and the Office
of Water Resources Research and the Office of Saline
Water, U.S. Department of the Interior. It is antici-
pated that the economic aspects of the Tularosa study
may provide useful conclusions concerning future
utilization of saline water in the much larger Rio
Grande Region.

MARINE GEOLOGY AND HYDROLOGY

The Nation’s Continental Shelf and Slope constitute
challenging unexplored frontiers for the discovery of
new sources of minerals, fuels, and water, which are
needed in order to sustain the industrial growth of
the country. The U.S. Geological Survey is responsible
for the evaluation of these resources in the 1 million
sq mi of the Nation’s submerged domain. Early access
to knowledge of the mineral-resource potential of the
continental shelves is required to provide a basis for
wise exploration, conservation, and management of
these resources.

The major objectives of the Geological Survey’s
marine geologic and hydrologic investigations are to
make three-dimensional geologic and geophysical analy-
ses of the continental margins of the United States, in-
cluding its estuaries and bays, as well as its oceanic
islands and reefs. These analyses will be depicted on
maps at several scales: (1) reconnaissance analyses at
1:1,000,000 or smaller to identify those parts of the
Nation’s shelf that appear most promising to investi-
gate for new sources of minerals; (2) analyses at an
intermediate scale of 1: 250,000 of areas that have prom-
ise for specific resources, or that require study for solu-
tion of critical regional problems related to geologic
hazards (earthquakes, tsnuamis) and engineering con-
struction; (3) detailed analyses at a scale of 1: 62,500
or larger of selected parts of the shelf or coastal areas
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of significant scientific importance or high economic
potential.

The Geological Survey is conducting diversified geo-
logic and hydrologic investigations on the Atlantic,
Gulf coast, Pacific, and Alaskan continental maryins.
Some of these investigations are being conducted under
a research contract program with 11 universities and
educational institutions, and others are in cooperation
with the U.S. Bureau of Mines, U.S. Bureau of Com-
mercial Fisheries, Naval Oceanographic Office, and
other Federal agencies. Results of the past-year’: re-
search program in marine geology and hydrolog-, as
yet largely unpublished, are summarized below. Where
university personnel are cited, the work was performed
under research contract.

ATLANTIC CONTINENTAL MARGIN

The program of mapping the Atlantic continental
margin is in its sixth year. Reconnaissance-scale studies
of sediments and structures are being completed, and
intermediate-scale mapping of structure and strotig-
raphy at a scale of 1:250,000 has begun. This pro-
gram, which is being carried out jointly with Woods
Hole Oceanographic Institution (WHOI) and more
recently with Duke University, resulted in abort 40
scientific publications during 1967.

Surficial geology

While investigating sediments of the Atlantic Con-
tinental Shelf on a reconnaissance scale, J. V. A. Tnm-
bull has found that sediments north of Cape Cod are
derived primarily from glacial debris, and have been
reworked only slightly since glaciation. J. S. S<hlee
and R. M. Pratt (WHOI), in joint studies, have been
able to infer the bedrock geology of the Gulf of Maine
by detailed study of glacial gravels now found on its
floor. Distinctive gravel lithologies include sedimerts of
Triassic and Cretaceous ages, granites and fel-ites,
spotted schist and gneiss, and basic igneous rocks. J. D.
Milliman (WHOI) finds that shelf sediments south-
ward from Cape Cod are of two distinct ages. Most of
the middle and outer shelf is covered by coarse, some-
what rounded, iron-stained sands. Their characteristics
do not represent the present regime, but rather condi-
tions that prevailed during glacial-stage lowering of sea
level. Finer grained and more angular sand representing
deposition under present conditions is found only near
shore.

Structure of continental margin

A summation of the geologic structure of the entire
east coast Continental Shelf and Slope was completed
by Elazar Uchupi (WHOTI), on the basis of more than
20,000 km of continuous seismic profiling recorded by
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the Geological Survey and WHOI between 1963 and
1966. Some of the shelf formed by upbuilding and the
slope by outbuilding on a basement of Tertiary rock;
both are slowly advancing seaward, and underlying
strata have been slightly warped on axes both parallel
toand at high angles to the shoreline.
Mineral deposits on Blake Plateau

Major deposits of phosphorite and manganese-iron
oxides off the southeastern coast have been evaluated by
F. T. Manheim and R. M. Pratt (WHOTI). Deposits in
water depths ranging from 250 to 1,000 m on the north-
ern Blake Plateau are estimated to include 2 billion
tons of phosphorite nodules, 250 million tons of manga-
nese-iron nodules, and 1.2 billion tons of manganese-
phosphorite pavement and nodules. Analyses of more
than 100 samples show that the manganese-iron nodules
contain less silicon, aluminum, and titanium and more
calcium carbonate and phosphate than average deep-
sea nodules. They also contain less copper than most
deep-sea nodules of comparable cobalt and nickel con-
centration. The great quantity of the Blake Plateau
deposits, their relatively shallow depth, and their prox-
imity to the shore make them a possible future economic
resource despite their low grade.

Geologic dives in DSRV Alvin

Seventeen geologic dives to depths of as much as
1,800 m in the DSRV (deep-submergence research
vehicle) Awin were recently conducted by members of
the Woods Hole group and the Geological Survey.

In four dives on the inner Blake Plateau, F. T. Man-
heim demonstrated that the phosphate-manganese pave-
ment area is scoured by strong north-flowing bottom
currents that carry coarse foraminiferal-pteropod sand
over the pavement. On the shelf off Chesapeake Bay,
scattered groups of oyster shells were observed at a
depth of 45 m by K. O. Emery (WHOI) and R. L.
Edwards (Bur. of Commerical Fisheries) on a sub-
merged beach ridge; some shell mounds on land similar
to these were produced by early man. During dives on
the Continental Slope off Martha’s Vineyard, ridges 3
to 10 m high composed (at least on their surface) of
sandy silt and lying transverse to both the bottom cur-
rent and bottom contours were discovered at depths of
approximately 1,300 m. Such ridges have not been pre-
viously observed, and their origin is unknown.

Six samples of rock of Cretaceous and Tertiary ages
were collected by J. C. Hathaway and J. V. A. Trum-
bull from vertical walls of bedrock at depths of as much
as 1,500 m in Oceanographer Canyon. Age analyses by
T. G. Gibson, J. F. Mello, and J. E. Hazel, and by R. M.
Goll (WHOI) showed that the well-exposed wallrock
of the canyon is not in proper stratigraphic order. This
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indicates that large-scale slumping may be a common
characteristic of Quter Continental Shelf sediments.
A dive in Corsair Canyon by D. A. Ross (WHOI)
showed that bottom currents capable of erosion now
flow in the canyon.

Bottom sediments off North Carolina

Duke University, under a research contract, is study-
ing the nature and mineral content of bottom sediments
off North Carolina. In order to determine provenance
and transport distances of shelf and slope sediment,
O. H. Pilkey (Duke Univ.) is investigating several
mineralogic parameters. These include heavy-mineral
assemblages, feldspar composition, and quartz type. Re-
sults to date suggest that detailed investigations of the
quartz and feldspar will provide more date. on prove-
nance than will heavy-mineral suites, because rivers
draining the Coastal Plain and Piedmont provinces do
not show great variation in heavy minerals. Prelimi-
nary results indicate that K-feldspar dominates over
Ca-Na feldspar in shelf sediment but that the latter
increases in abundance in a southerly direction from
Cape Hatteras. Total feldspar varies in a regular and
mappable fashion; Georgia shelf sediment tends to be
richer than that off North Carolina. Shel’ sediments
appear to be richer in total feldspar than present-day
fluvial sands. Investigations of quartz as a provenance
indicator include determination of variation in aver-
age sphericity, extinction characteristics, nature and
abundance of inclusions, and amount of iron staining.
Quartz in coastal-river sediment is also being investi-
gated. Preliminary results indicate that it will be diffi-
cult to distinguish local river sources based on quartz
types, but sediment from at least two major rivers
contains distinetive and unique quartz grains

Results of gold analyses of 8 out of 70 shelf-sediment
samples show a range in Au content of from less than
0.03 to 2 ppm. Twelve samples of carbonate sediment
from the Continental Slope and Rise off North Carolina
show 4 to 8 ppm Ag in the foraminiferal fr~ction. This
remarkable concentration of silver in a carbonate sedi-
ment confirms a similar report from the Gulf of Mexico,
and indicates that the phenomenon may be widespread.

Faunal analysis and paleontology off northeastern
United States

T. G. Gibson finds that foraminiferal faunas of the
Continental Shelf and Slope off northeas‘ern United
States can be divided into three faunal provinces: the
seaward shelf near Nova Scotia, the Gulf of Maine, and
the shelf in the Georges Bank area and southwestward.
The assemblages also show depth zonation, with
changes in faunal composition occurring af; 40, 90-100,
and 150 m. J. E. Hazel has found more than 50 species
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of ostracodes of Pleistocene age in 25 rock samples
dredged from 10 submarine canyons off the Atlantic
coast. The taxonomic composition of the samples sug-
gests that during times of lowered sea level the present
boundary between cold- and mild-temperate faunal
provinces was displaced approximately 800 km south-
eastward to the vicinity of lat. 38° N. from its present
position near lat. 42° N. Identification by J. D. Bukry
of coccoliths in a Blake Plateau limestone indicates that
strata of late Campanian to early Maestrichtian Age
~ crop out there. The sample was collected at a depth of
555 m by F. T. Manheim while using the DSRV Al»in.

GULF OF MEXICO AND CARIBBEAN SEA

Geologic investigations in the Gulf of Mexico-Carib-
bean region are directed toward determining (1) how

geologic settling affects modern sedimentation, (2) how

tectonic movements in the past affected the accumula-
tion of thick sequences of sedimentary rock, and (3)
how geologic processes affect the occurrence and distri-
bution of mineral resources. Studies underway include
investigations of (1) distribution of heavy-metal min-
erals in the western Gulf of Mexico, (2) Quaternary
geology of the Louisiana Inner Continental Shelf with
emphasis on metallic-mineral content of the Mississippi
Delta and sediments on the nearby shelf, (3) dynamics
of sediment movement along the south Texas coast, (4)
diagenetic processes in sediments of Laguna Madre,
Tex., (5) configuration of the buried Pleistocene sur-
face along the shoreline of the western Gulf of Mexico,
(6) the geologic framework of Mona Passage west of
Puerto Rico, and (7) the nature of bottom sediments
and organic geochemistry of sediments in the northeast
part of the Gulf of Mexico. Texas A. & M. University
and Louisiana State University, through research con-
tracts, are contributing to these investigations.

Florida nearshore organic geochemical studies
Preliminary organic geochemical studies by J. H. Pal-
acas, V. E. Swanson, and A. H. Love in Choctawhatchee
Bay, an estuary in the panhandle of Florida, have shown
that the silty clays in the deeper areas of the bay con-
tain an average of about 7 percent total organic matter.
Most quartzose sands in the shallower, nearshore areas
contain less than 0.5 percent organic matter. However,
the bitumen content of the sands, even though less than
50 ppm, may account for up to 4 percent of the total
organic matter. The average bitumen content of dried
silty clays or muds is about 225 ppm, but it accounts
for only 0.4 percent of the total organics. The alkaline-
soluble humic substances range from 5,500 to 17,000 ppm
and comprise 10 to 50 percent of the total organic mat-
ter. Early diagenesis during shallow burial is indi-
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cated by a decrease in the ratio of soluble humic
substances to total organic matter, a marked decrease of
free sulfur, and an increase of carbon/nitrogen retios.

A study by V. E. Swanson of bottom sediments in the
northeasternmost part of the Gulf of Mexico shows
that most flocculated and particulate organic motter
is concentrated in tidal-marsh areas rather than k~ing
swept seaward to be deposited in deep waters. Mot of
the vast volume of soluble and particulate organic
matter contributed to the Gulf of Mexico by rivers
draining the broad swamp and forest areas of north-
central Florida and southeastern Georgia is depesited
in the intertidal zone. Concentrates of humate in ccastal
sands, which in places are associated with peat. are
indicative of stillstands of sea level in Quatermary
times.

Mississippi Submarine Canyon and Trench

Seismic profiles across the upper part of the
Mississippi Submarine Canyon and the filled part of
the Mississippi Trench across the Continental Shelf
have been interpreted by J. P. Morgan (La. State
Univ.). They show that considerable slumping and
mass movement of sediment occurred as the canyon filled
and that the history of postglacial sea-level rise is
recorded in sediments within the filled Missis~ippi
Trench.

Texas nearshore studies

Studies by H. L. Berryhill of the dynamics of sedi-
ment movement along the south Texas coast from Cor-
pus Christi Bay south to the mouth of the Rio Grande
indicate that large quantities of sand are transported
across the barrier islands, principally by major storms
and sustained winds. During the passage of Hurricane
Beulah on September 23, 1967, 88 inlets were either cut
or reopened across Padre and Mustang Islands kv the
5- to 7-foot flood tides. Sand was carried by the flood
tide onto and, in many cases, completely across the
barrier islands into Laguna Madre, forming wash-
over deltas. The predominantly southeasterly winds
create active dune fields from the storm washover: that
accumulate behind the fore dunes. These dune fields
then grow in size and migrate northwestward rcross
the island.

Color aerial photographs were used to map the vari-
ous sedimentary environments and morphological units
along the coastline of south Texas. These photographs
were found to be much superior to black-and-white in
respect to differentiating sediment types and in show-
ing differences in water turbidity and sediment-trans-
port directions along the bottom in shallow water. This
study also indicates that synoptic color photography
from orbital altitudes will be of great value in evalu-
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ating the effects of catastrophic events which affect
coastal areas.

Corpus Christi Bay

The buried late Pleistocene surface beneath Corpus
Christi Bay, Tex., is revealed on subbottom acoustical-
profile records, according to L. E. Garrison. Interpreta-
tion of these profiles indicates that the average width of
the ancient Nueces River valley is 8 km and the maxi-
mum depth is 33 m below present sea level. The course
of theé buried channel was traced beneath Mustang
Barrier Island and onto the shelf in the Gulf of Mexico
in a south-southeasterly direction. Many thick Holocene
oyster reefs were found buried in the upper reaches of
the old Nueces River valley. The buried reefs are more
abundant than those now living in the bay. Many small-
scale faults are indicated in the alluvial fill of the
buried valley.

Gulf of Mexico sediments

Study of sediment samples from the deep part of the
Gulf of Mexico by D. K. Davies (Texas A. & M. Univ.)
indicates that the sediments of the abyssal plain con-
sist largely of repetitious vertical successions of detrital
silt and mud and include several distinct carbonate
layers. The thin carbonate layers probably are turbidites
that originated on the Campeche shelf and traveled as
much as 550 km into the Gulf of Mexico.

Puerto Rico nearshore studies

A new program, undertaken by the Geological Sur-
vey in cooperation with the Industrial Development Ad-
ministration of Puerto Rico, is aimed at evaluating
the heavy-metal and oil and gas potential of a 3,900-
sq-km area in the Mona Passage and off the southwest
coast of Puerto Rico. Sediments were sampled from
the beach outward to depths of 600 to 900 m. Subbottom
acoustical profiling of Mona Passage and investigations
of sediments and structure of the submerged shelf ad-
jacent to the southwest coast of Puerto Rico are in prog-
ress. Interpretation of the acoustical profiles by L. E.
Garrison shows a number of west-trending faults with-
in certain areas of Mona Passage. The records indicate
that vertical displacement on at least one of these may
be more than 600 m, and some faults can be traced
shoreward onto Puerto Rico. High-resolution profiles
in harbors along the south and west coasts of Puerto
Rico indicate an average thickness of 11 m for Holocene
sediment. Most of these sediments are ponded behind
reefs which rim the shelf edge and overlie seaward-
dipping sedimentary rocks of Tertiary age. A previ-
ously unreported submarine canyon that crosses the
southwest shelf and slope of Puerto Rico in a south-
southwesterly direction appears to be fault controlled.

RESOURCE INVESTIGATIONS

PACIFIC CONTINENTAL MARGIN

Geologic analysis of the Pacific shelf is a prerequisite
to solution of a broad spectrum of problems ranging
from mineral-resource appraisal to prudent use of the
marine environment in this earthquake-prone area.
Studies of recently discovered submerged placer de-
posits of heavy metals along coastal regions of Cali-
fornia, Oregon, and Washington have continued. One
critical need for both reconnaissance and detailed geo-
logic analysis on the Pacific shelf is the assessment of
geologic hazards in order to provide data needed for
urban planning and development and for cesign and
construction of major engineering installations adjacent
to estuaries and on the sea floor. Through research con-
tracts with the Geological Survey, several universities
are contributing to marine heavy-metals invastigations
on the Pacific shelf. Included in this progrem are the
University of Washington, Oregon State University,
University of Oregon, Stanford University, University
of Southern California, and University of California
at San Diego (Scripps Institution of Oceanography)
(SI10).

Southern California nearshore studies

Joint investigations with the University of Southern
California consist of systematic sampling of the south-
ern California nearshore area from Point Conception
to the Mexican border, in order to obtain a reliable pic-
ture of the composition of sand entering the marine
environment. D. S. Gorsline . (Univ. of S. Calif.) re-
ports that the highest heavy-mineral concentration is
found along the coast from the San Gabriel River to
the Mexican border, reflecting the proximity of penin-
sular batholithic rocks. Preliminary petrologic studies
suggest that the several species of feldspar and quartz
can be distinguished and may prove to be useful indica-
tors of source terrane.

San Francisco Bay studies

Studies of San Francisco Bay are designed to provide
geologic, hydrologic, and geochemical date critically
needed by the already large and burgeoning population
that lives along the shores of one of the count~y’s largest
and busiest estuaries. Approximately 800 km of sub-
bottom acoustic profiling with simultaneous vse of high-
and low-frequency sound sources have been done over
San Francisco Bay and adjoining San Pablo and Sui-
sun Bays to define the structure, distribution, and topog-
raphy of the bedrock and the overlying blanket of
soft sediments. Two high-angle faults were discovered
and traced near the city of San Francisco; they show
vertical displacements of at least 15 m and cut the young
sediments of the bay floor. The bedrock sirface and
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the distribution and thickness of the overlying sedi-
ments have been mapped in the west-central portion
of the bay. Some of this profiling (done in cooperation
with the State of California Division of Bay Toll Cross-
ings) across a line of borings has defined the position
of major unconsolidated geologic units along a proposed
bridge crossing, and will decrease the cost of further
bore-hole investigations. Bottom sediments have been
sampled along a preliminary network; these will es-
tablish the grain-size distribution, the general miner-
alogy, and the organic and heavy-mineral content of
the bay sediments. A series of bathymetric-contour maps
of San Francisco Bay from the year 1853 to the present,
now in preparation, will assist in defining the patterns
of sediment accumulation, transportation, and erosion
during the period of modification of the natural-sedi-
ment budget by man’s activities.

Northern California nearshore studies

A joint research study by Scripps Institution of
Oceanography (SIO), La Jolla, Calif., and the Geo-
logical Survey to appraise the mineral-resource poten-
tial of the northern California Continental Shelf has
begun. Unusually high concentrations of heavy min-
erals were discovered on the sea floor north of Crescent
City, Calif., according to G. W. Moore and E. L. Silvers
(STIO0). In the richest tract, an area of about 15 sq km,
more than 40 percent of the minerals in the bottom
sediment have a density higher than 2.85. These de-
posits extend from the toe of a modern beach to water
depths of 27 m some 5 km offshore; acoustic-reflection
profiles show that the sediment is less than 5 m thick.
The spatial relationship between the offshore concen-
trations of heavy minerals and similar deposits onshore
suggests that the offshore deposits consist of black
sands of Pleistocene age that were reworked during the
postglacial rise of sea level.

A submarine plateau lies adjacent to the Continental
Shelf off northern California and southern Oregon at
depths of 800 to 1,000 m. It is about 25 km wide and
is believed to be a depressed part of the shelf. Along
the outer edge of the plateau, about 75 km offshore, anti-
clinal basement ridges penetrate a cover of gently folded
rocks. Foraminifera in rocks dredged along the axis
of several of these ridges off Crescent City, Calif., are
late Eocene in age. Interpretation of an acoustic-reflec-
tion survey of the surrounding bedrock suggests a sim-
ilar age for much of the basement of this submarine
plateau.

Oregon black sands

H. E. Clifton is jointly investigating the economic
potential of black sands on the southern Oregon Con-
tinental Shelf with L. D. Kulm and others from Oregon
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State University as part of the Survey’s heavy-metals
program. Possible submerged Holocene beach placers
have been located, and their origin, extent, and ecor omic
potential are being investigated.

Analyses of samples taken systematically on the Con-
tinental Shelf off southern Oregon show the preser ~e of
two distinet large-scale gold anomalies in the surface
sediment. The anomalies, verified by resampling, trend
approximately parallel to the present shoreline and are
both about 13 km long, 8 to 4 km wide, and in water
depths of less than 55 m. The Au content, occurring as
detrital grains, ranges from about 0.01 to 0.15 prm in
one anomaly and 0.01 to 0.04 ppm in the other. The
highest grades lie in a belt about 1 km wide in the c nter
of each anomaly.

Several lines of evidence suggest that the anomalies
are a “halo” on submerged relict beaches formed at
previous low stillstands of the sea rather than as a
result of present-day sedimentation on the shelf. A box
core from a depth of 150 m off the Rogue River con-
tained an assemblage of fossil shells that normally occur
at depths of 25 to 45 m. Grain size of the gold is
similar to that found in present beaches. The gold
anomalies are much more linear than the heavy-mineral
belts in which they occur—perhaps because other Ieavy
minerals, much less dense than gold, are more re~dily
scattered by bottom currents. The gold anomalies tend
to parallel the present shoreline, as do relict beack s in
emergent terrace deposits on the Oregon coast immedi-
ately onshore from the anomaly. If the anomaly is on
the upper surface of a relict beach, the underlying sand
may contain enough gold, platinum, and other l'~avy
minerals to warrant serious economic considerstion.
Several other submerged beach deposits are suggested
by linear concentrations of heavy minerals which ap-
proximately parallel the present shoreline. Magnetic
anomalies consistent with the extent, thickmess, and
magnetic-mineral content of known buried relict be~ches
occur over these deposits.

Oregon black-sands provenance

To determine the provenance of the heavy-metal-
bearing black sands on the southern Oregon shelf, geo-
logic studies are being conducted in several of the
major drainage systems adjacent to this area by Sam
Boggs, Jr., and E. M. Baldwin (both of the Univ. of
Oreg.). Detailed sampling has been completed at 20
localities on the Sixes River, which contains a number
of gold and platinum deposits. At each locality the sedi-
ment type on exposed bars and in the riverbed was
mapped. Textural, petrographic, and geochemical
analyses are providing information on the sediment
transport within this drainage basin. Heavy-mineral-
bearing sandstones in the Rogue River drainage, for-
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merly considered to be of Jurassic or Cretaceous age,
have been shown by Baldwin to be middle Eocene.
These sands probably constitute an important source of
Holocene heavy minerals in the offshore.

Oregon terrace deposits

In the Port Orford-Cape Blanco areas, southwestern
Oregon, five levels of marine-terrace deposits of Plio-
cene and Pleistocene age have been recognized and
mapped by R. J. Janda on the basis of lateral continuity,
degree of soil-profile development, and erosiona] modifi-
cation. Preliminary reconnaissance mapping suggests
that the 4 lower levels are correlative with 4 terraces in
the Bandon area, 40 km to the north, Sediments on all
terrace levels in the Cape Blanco area were deposited in
a variety of coastal environments. Study of variations
of sedimentary facies within individual terraces reveals
oscillations in relative sea level that are not discernible
from a study of physiography alone. At least three
distinct periods of intensive dune activity have occurred
since deposition of the youngest marine terrace in north-
ern Curry County. Relative changes in sea level have
influenced only the lowermost courses of the steep
coastal rivers of southwestern Oregon. All five terraces
in the Cape Blanco area have been warped tectonically,
and at least the two oldest have been offset by normal
faulting. A comparison of the structural trends dis-
played by rocks of Quaternary, Pliocene, middle Mio-
cene, Focene, and Late Cretaceous ages suggests that
axes of deformation have shifted progressively west-
ward with the passage of time.

Washington nearshore studies

Reconnaissance geologic mapping along the Pacific
coast of the Olympic Peninsula by P. D. Snavely, Jr.,
and N. S. Macleod has provided significant new data on
the stratigraphy and complex structure of Tertiary
sedimentary and volcanic rocks exposed in sea cliffs and
on wave-cut platforms. A major unconformity separates
highly deformed strata of Eocene to middle Miocene age
from gently warped sedimentary rocks of late Miocene
and Pliocene age. The oldest exposed rocks in this
coastal belt, pillow basalts and breccias of early to mid-
dle Eocene age, crop out near Cape Flatte.y and in sev-
eral fault blocks in headlands between the Queets River
and Point Grenville. A thick sequence of upper Eocene
to lower(?) Oligocene siltstone, sandstone, and con-
glomerate crops out along the coast between Cape Flat-
tery and the Hoh River. The sandstone beds are graded,
contain sole markings, and are probably turbidites.
Also within this sequence are thick units composed of
randomly oriented blocks of sandstone and conglomer-
ate set in a siltstone matrix, and large infolds of sand-
stone as much as 30 m across. These chaotic units
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probably were formed by gravity slides irto deeper
parts of the marine basin during early Oligocene time.
Graded sandstone beds with intercalated siltstone of
early to middle Miocene age crop out between the Hoh
and Queets Rivers. Massive to well-bedded sandstone
and siltstone with thick conglomerate interbeds of late
Miocene to Pliocene age occur between Cape Elizabeth
and Grays Harbor.

Several large through-going faults have intensely de-
formed the pre-upper Miocene sequence; wvertical to
overturned strata are common. Lateral displacements
along these faults are probably many kilometers because
thick lenses of near-source conglomerate, conposed of
subangular to angular clasts of granitic and metamor-
phic rocks, are found near Cape Alava. Their nearest
known source is on Vancouver Island, 80 km to the
north.

Acoustical subbottom-profile records of the Con-
tinental Shelf adjacent to the Olympic Coast were re-
cently obtained by L. C. Bennett and Muriel Grim (both
of the Univ. of Wash.). Study of these records indicates
that broad folds characterize most of the outer shelf.
The structure is more complex near the shcreline and
the acoustic profiles show numerous faults, tight folds,
and penetration structures which may be shele diapirs.
Some structural elements on the shelf can be correlated
with those exposed along the coastal belt and provide
much needed data on the tectonic framework of the
Olympic Coast and adjacent shelf. T. L. Burnett, Jr.
(Univ. of Wash.), is currently undertaking sedimento-
logic investigations of samples dredged from the Wash-
ington shelf. Analyses of 30 of 200 samples collected
suggests a very low gold background (less than 0.01
ppm) for this area.

ALASKA CONTINENTAL MARG™

A major part of the Geological Survey’s rarine pro-
gram is devoted to a comprehensive study of the geo-
logic framework, mineral resources, and geologic
hazards of the Continental Shelf areas adjoining the
coasts of Alaska. These shelf areas are amor g the larg-
est geologically unexplored areas in the United States,
and studies indicate that they may contair major re-
serves of petroleum, natural gas, and detrital heavy
minerals such as gold, tin, and platinum. In addition,
studies in the Bering and Chukchi Seas are providing
new information on the evolution of the North Amer-
ican and Asian continents and the time and circum-
stances of their past land connections. Studies in the
Gulf of Alaska are also contributing information on
the development of island arcs and marginal deep
trenches, and on earthquake hazards that are important
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in planning urban and port expansion in the areas where
much of Alaska’s urban population is concentrated. The
studies in the Bering Sea are under the leadership of
D. M. Hopkins and those in the Gulf of Alaska are led
by R. E. von Huene. Several universities, conducting
research under contract. and several other Federal
agencies are participating in the Alaskan studies; these
include the University of Alaska (heavy-metal resource
studies on the Gulf of Alaska shelf), the University of
Washington (general marine geologic studies of the
northern Bering Sea and Chukchi Sea), the Naval
Oceanographic Office (ship support in the Gulf of
Alaska and southern Bering Sea), the Naval Undersea
Warfare Center (joint Geological Survey-Navy geo-
physical studies in the Gulf of Alaska and southern
Bering Sea), the Coast and Geodetic Survey (system-
atic hydrographic and geophysical studies in the
northern Bering Sea), and the Bureau of Mines (bore-
hole investigations of possible gold placers in the north-
ern Bering Sea).

Gulf of Alaska investigations

Joint studies with the University of Alaska in the
Gulf of Alaska began with the 1967 cruise of the RV
Acona. One hundred thirty-one samples were taken on
the shelf and in Yakutat Bay, and 2,000 km of continu-
ous seismic profiles have been analyzed. R. E. von Huene
and E. H. Lathram are collaborating with F. F. Wright
of the university in this work. Submerged glacial mo-
raines were identified on the profiles in several areas, and
one of them appears to form one wall of Yakutat Sea
Valley, in part controlling the course of this feature.
The gross tectonic nature of the Continental Shelf was
found to change near Yakutat Bay. Southeast of the
bay the outer margin of the shelf is a northwest-trend-
ing anticlinal structure paralleling the coast, and the
potential for petroleum is good if source rocks exist.
West of Yakutat Bay, northeast-trending structures in-
terrupt the coastal trend; their age and nature are
important factors in evaluating the petroleum potential
west of this area.

Research to define sedimentary processes in fiords is
being intensified as a basis for evaluating the economic
potential of fiords. D. R. Hood (Univ. of Alaska) has
begun research on the geochemical controls governing
transport and deposition of heavy metals in the glaci-
ated environment.

Bering Sea investigations

On a joint Geological Survey-University of Wash-
ington cruise of the RV T'homas G. T hompson, magnetic
data and continuous seismic-reflection profiles were ob-
tained along nearly 1,800 km of track, concentrated
mostly in the northern Bering Sea; in addition, about
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100 bottom samples and dredge hauls were taken. Irter-
pretation of deep-penetration seismic profiles by D. W.
Scholl revealed a series of.deep basins containing as
much as 2,000 m of sediments. Earlier studies by Scholl
and E. C. Buffington (Naval Undersea Warfare Center)
had indicated that rocks composing an acoustic baserwent
crop out on the continental margin, and a dredge haul
obtained from the 7hompson shows that this baser-ent
rock consists of turbidites of Late Cretaceous (Cam-
panian) age. Rocks sampled by dredge hauls in the
Pribilof Canyon and boreholes offshore at Nome show
that the thick sedimentary cover in the basins is mostly
of Neogene age. Upper Miocene marine rocks are present
at the continental margin, and upper Miocene or Plio-
cene marine sediments are present off Nome. The size
of the basins, character of the rocks, and abundance of
minor broad folds indicate that the Bering shelf has a
large and entirely unexpected petroleum potential.

Gently folded rocks that may be of Tertiary age also
occur just north of Bering Strait, according to M. L.
Holmes (Univ. of Wash.).

High-resolution seismic profiles and dredged r-lict
sediments studied by D. M. Hopkins and by Muriel Grim
(Univ. of Wash.) show that glaciation has been far
more extensive in the western Bering Sea than had
been anticipated. Analysis of the dredge hauls and
comparisons with the geologic studies of C. L. Seins-
bury and Hopkins on land on western Seward Peninsula
and O. M. Petrov (Acad. Sci.,, USSR) on Chukotka
Peninsula, Siberia, indicate that the glaciation was
probably of Illinoian age. Study by M. L. Holmes and
J. S. Creager (both of the Univ. of Wash.) of seismic
profiles north of Bering Strait show that Cape Prince
of Wales Shoal is in part a constructional feature of
Pleistocene and Holocene age and confirms an earlier
conclusion by Creager and D. A. McManus (Univ. of
Wash.) that the shoal is a spitlike feature formed by the
strong northward currents passing through Bering
Strait. Both the glaciated area and the Cape Prince of
Wales Shoal are attractive target areas for possible sub-
merged placer deposits of gold and tin.

Grain-size and trend-surface studies by D. A. Me-
Manus and his colleagues at the University of Washing-
ton show that the Yukon River has been an important
source of the recent bottom sediments in both the Bering
and Chukchi Seas. Analysis in the Geological Survey
laboratories indicates that the sandy mud covering much
of the bottom of the northern Bering Sea has an excep-
tional (0.03 to 0.10 ppm) background of fine, subvisible
gold. Although this mud is not economically minable,
it provides important information on the geochernical
and sedimentary cycle of gold and suggests the possi-
bility of finding higher local concentrations.
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Nome nearshore studies

Geophysical data, bottom samples, and boreholes
drilled near the coast during a joint Geological Sur-
vey—-Bureau of Mines investigation in the Nome area
have been studied by A. R. Tagg, C. H. Nelson, and
H. G. Greene and have defined the configuration of bed-
rock, established the existence of mineralized fault
zones offshore, and demonstrated the entirely unexpected
presence of late Tertiary marine sediments terminating
at a submerged and buried shoreline less than 114 km
off the coast of Nome. These studies have defined 2 sheets
of glacial drift of Illinoian and pre-Illinoian age that
extend in a lobate pattern about 5 km offshore in the
central part of the Nome area. Another previously un-
known buried beach line, probably of middle Wisconsin
age, lies within the Quaternary section at a depth of
21 m below present sea level, and late Wisconsin and
Holocene beach lines expressed by ridges and scarps
on the sea bottom have been discovered at depths of
23, 20, 17, and 11 m. A number of submerged and nearly
buried river channels, formed during low sea-level
episodes, were discovered and traced. Individual streams
on land are represented by several channels offshore,
also suggesting more than one episode of sea-level
lowering.

These discoveries at Nome define a series of important
targets for future exploratory drilling. Gold from
mineralized fault zones may have been reworked into
placers on nearby bedrock surfaces. The submerged and
buried beach of late Tertiary age contains significant
gold concentrations. The glacial drift contains modest
amounts of gold throughout the offshore area, as it does
onshore; in a few places, the gold content approaches
values that may constitute a minable resource. The
buried beach of middle Wisconsin age contains little
gold where it has been tested, well east of the drift area,
but it may prove to contain economic concentrations
where incised into the Illinoian drift. The late Wiscon-
sin and Holocene beaches have not been adequately
tested by drilling, but they likely contain gold concen-
trations in and near the drift area. Valleys cut into the
drift during several intervals of low sea level have been
shown to contain gold concentrations.

OCEANIC ISLANDS

In addition to studies of the continental margins of
the United States, the Geological Survey is supporting
activities to increase knowledge of the deep-ocean floor,
mostly in cooperative undertakings with other organi-
zations, including the U.S. Coast and Geodetic Survey
and various agencies of the Department of Defense.
These studies have resulted in recent significant con-
tributions to knowledge of submarine volcanism off
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Hawaii and the Revillagigedo Islands off Mexico, the
organic content of sediments in the deep Neorth Pacific,
and Holocene sea-level changes in the western Pacific.

Studies of the deep-ocean floor are requir~d to assess
their resources potential, and to provide guidelines for
development of national policy in problems of owner-
ship or use. Investigations are also needed in the deep-
ocean areas off islands for which the Nation has respon-
sibility, such as the Trust Territory of the Pacific
Islands.

Reef features of Caroline and Marshall Isla~ds

J. I. Tracey, Jr., reports that extensive emergent reef
limestone is found above highest tide lines or Guam and
Midway, and small remnants containing corals in situ
are present generally less than 1 m above the present
reef flat on the atolls of Onotoa, Funafuti, Bikini, and
Ifalik. Radiocarbon ages for those from Guam, Mid-
way, Bikini, and Ifalik range from 1,230-£250 to
4,050=300 years, and most fall within the same 2,000-
to 3,000-year range that was found for the extensive
flattopped platforms of cemented coral rubble in the
central Caroline-Marshall area.

Although accumulation of rubble platforms and lith-
ification in the intertidal zone do not require a higher
sea level, many of these old platforms are extensively
lithified horizontally and thus differ from the relict
linear conglomerate remnants that mark the former
sites of island beaches. The low reef remrants, wide-
spread truncated reef flats, and contemporaneity of
the rubble platforms indicate that conditions through-
out the area were considerably different several thou-
sand years ago. A relative sea-level stanc somewhat
higher than at present—perhaps 1 m in this area—pro-
vides the simplest explanation.

MARINE-RESOURCE APPRAISAL

F. H. Wang has prepared for the United Nations a
report “Resources of the Sea (Beyond the Continental
Shelf)” for U.N. Economic and Social Ccmnncil Reso-
lution 1112 (XL). The report, in English, French,
Russian, and Spanish, was officially presented by the
Secretary-General to the 44th Session of th~ Economic
and Social Council meeting in New York in May 1968.
The report describes potential and known mineral re-
sources and the technology for their exploration and
exploitation.

Many offshore petroliferous sedimentary basins ex-
tend from the Continental Shelf onto the Continental
Slope. Although the subsurface geology cf the slope
and beyond is little known, and therefore the petroleum
potential of the deeper water regions can 1> only ten-
tatively evaluated, there can be little question that
potentially the most important mineral resources in
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the slope are petroleum and natural gas. It is also con-
ceivable that the Continental Rise (the apron of sedi-
ments sloping toward the abyss from the base of the
Continental Slope) may locally have developed con-
ditions favorable to generation and accumulation of
petroleum.

Other subsurface deposits, such as sulfur, coal, bed-
ded salt, and potash deposits, certain iron ores, and
many metallic minerals in veins, are not likely to oc-
cur in significant economic deposits in bedrock under-
lying the abyssal ocean floor.

Submarine phosphorite deposits, occurring as blan-
kets of nodules, pellets, rock coatings, and mudbanks, are
generally low grade when compared with those now
mined on land. For certain coastal countries that do
not have land deposits, however, offshore deposits may
prove valuable.

Manganese nodules and slabs, which also contain cop-
per, nickel, cobalt, and other metals, have formed
slowly on the abyssal ocean floor. Although their re-
gional distribution is as yet imperfectly known, their
future potential is enormous,

Placer deposits containing tin, gold, diamonds,
chromite, iron sands, and many industrial minerals,
such as occur near shore, are not likely present beyond
the shelf. Extraction from sea water of salt, bromine,
magnesium, and fresh water may one day be under-
taken beyond the shelf, but it is now considered
uneconomical.

Today’s marine mineral-exploration techniques are
capable under many circumstances of locating and eval-
uating deposits under the sea—but at a cost higher than
on land. Exploratory drilling, which is now routine
in water as much as 300 m deep (and may be possible
eventually in over 1,000 m of water) is much simpler
than drilling for oil and gas recovery. Deep-water com-
pletion and production techniques, rather than the ac-
tual drilling, now limit oil exploitation in the ocean
environment. However, great advances have also taken
place in this field with the development of large self-
contained multiwell and multideck production plat-
forms, directional drilling, improved oil-well servicing,
deep-diving techniques, underwater robots, submersi-
bles, and other systems which provide more efficient and
economic exploitation. X

Among the problems involved in mineral-resources
development beyond the shelf, special attention should
be given to detailed bathymetric, geologic, and geophys-
ical mapping of the sea floor and engineering research
to improve today’s exploitation technology. Engineer-
ing capabilities and the high cost of deep-water work
(which can only be justified for highly valued products
recovered at a price competitive in world markets) cur-
rently restrict deep-ocean exploitation. However, grad-
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ual depletion of high-grade land deposits and chenges
in world demand for minerals may prove to stimu-
late ocean exploitation in the not too distant future.

MARINE SEDIMENTOLOGY

Marine sedimentology is the study of sediments de-
posited in the marine environment. As such it inc'udes
not only study of the origin of marine sedimentary
rocks, but also study of sediment as related to other
problems, such as silting up of estuaries and harhors.
These sedimentologic studies include littoral sedim-nta-
tion, estuarine sedimentation, sedimentary processes
within submarine canyons, and the composition of sus-
pended material. Experimental studies are also con-
ducted on the nature and depositional mechanisrs of
turbidity currents and other forms of slurry flow.
Studies of marine sedimentary rocks that are not sa in-
tegral part of the Geological Survey’s marine program
are described under “Sedimentary Petrology” within
the section “Sedimentology”.

Littoral sedimentation

Study of the origin of beach lamination by I'. E.
Clifton shows that the laminae are produced by bed flow
during wave backwash. Within the flowing bed a shear
sorting occurs that causes the finest and densest grains
to work their way downward with respect to coarser
or lighter grains. The result is a two-fold sedimentation
unit with a heavy-mineral or fine-grained lamin-~tion
at the base that grades upward into a light-mineral or
coarse lamination at the top.

Clifton also evaluated use of the bedding characteris-
tics of littoral and fluviatile gravel for distinguishing
between these depositional environments in sedimentary
rocks. Study of 25 different gravels in terrace deposits
whose origin is definitely or fairly certainly known in-
dicates that most littoral gravel shows a greater lateral
persistence of bedding and higher degree to which peb-
bles are concentrated into discrete beds than does fl-'via-
tile gravel. Quantitative measures were devised to de-
scribe the type of bedding present and to provide a
quantitative means for distinguishing between the two
types of gravel.

A previously undescribed sedimentary structure was
found by R. E. Hunter to occur commonly on windswept
beaches. The structure consists of a series of arasto-
mosing ridges of sand spaced less than 1 cm apar* and
elongated transversely to wind direction. It can be ob-
served to form where strong winds blow dry sand
across moist sand on the foreshore. Hunter has found a
probably identical structure in the Keefer Sandstone
(Silurian) in Pennsylvania. Its presence indicates sub-
aerial exposure and a probable beach environment. and
its orientation indicates former wind direction.
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Submarine-canyon observations

Observations of present conditions in a submarine
canyon were made by J. V. A. Trumbull and J. C.
Hathaway from the DSRV Alwin in Oceanographer
Canyon on the Atlantic shelf. The floor %of the canyon
was 300 m wide and nearly horizontal where observed.
Ripple marks, current crescents, and erosion of slightly
consolidated deposits near the canyon floor indicate
strong down-canyon currents, although during the dives
the current velocity usually did not exceed 10 cm/sec.
Slightly consolidated deposits lie unconformably on
canyon-wall bedrock and dip 15° toward the floor; their
base is undercut. Thus a cycle of sedimentation and
subsequent erosion has occurred since the canyon was
formed. Considerable erosion is also indicated by a
12-m escarpment in the middle of the floor that is
parallel to the canyon axis. A 3-m escarpment transverse
to the canyon axis exposes a mixture of glacial cobbles
and clasts of canyon-wall sediment. The material is
similar to that previously cored from other canyon
floors. Such transverse escarpments are reported from
many canyons, but their cause is unknown.

Composition of suspended material in Gulf of Mexico

The concentration of suspended material in 200 sam-
ples of the waters of three areas in the northern Gulf of
Mexico was measured, and the organic and mineralogic
content of the material was determined by F. T. Man-
heim and J. C. Hathaway. In the first two areas, one
near Florida and the other in the central Gulf, concen-
trations were less than 1 mg/l, and lower values were
found in the third area 100 km off the coast of Louisiana
and Texas. Suspended matter more than 100 km from
shore was mainly combustible organic matter. Pollu-
tants such as soot, coal, ash, and processed cellulose
fibers were found in a wide band up to 400 km from
land. Mineral grains in the suspended matter form
three mineralogic suites that correspond roughly to the
mineralogy of bottom sediments in the three areas.

Slurry flow

Experimental, field, and theoretical analyses of
slurry flow are being carried out by A. M. Johnson and
M. A. Hampton (both of Stanford Univ.) under Geo-
logical Survey contract. Preliminary experiments indi-
cate that turbidity currents spread laterally in a uni-
form way from the mouth of a channel where the chan-
nel opens into a wide basin. Suspended sediment,
however, is concentrated just within the basin along a
line that is an extension of the axis of the channel. The
energy of the flow is presumably concentrated in the
same place and may control the direction of turbidity-
current erosion on submarine fans. Such radial channels
have been observed on apices of modern submarine fans.
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With special apparatus in which the channel, rather
than the debris flow, moves, it was found that coarse
particles selectively move forward parallel tc the chan-
nel axis, moving neither sideways nor vertically until
they reach the front of the flow. At the flow front some
of the particles move radially toward the edge of the
channel and are deposited. At the center of the flow,
particles are turned over, overridden, and presumably
eroded by the advancing debris. Thus, permanent size
segregation within the moving flow takes place largely
along the front sides of the flow.

Sedimentary mineralogy

A system for computer processing of X-r~y diffrac-
tion data on perforated tape has been developed by J. C.
Hathaway. The output pulses from the pulse-height
analyzer of the diffractometer are accumulated and
punched as straight binary information on 8-channel
perforated tape, which then contains the binary equiva-
lent of the usual scan-type diffractometer pattern. A
computer program transfers the punched information
to magnetic tape, fits a polynomial curve to the back-
ground, and removes its effect. Peak positiors, heights,
widths, and integrated intensities are determined, re-
corded on magnetic tape, and printed. The tepe may be
used as input for qualitative mineralogic analysis,
quantitative estimation, and determination of crystal-
lographic constants.

ESTUARINE AND COASTAL HYDRO'OGY

Hydrologic investigations in the estuarine environ-
ment result largely from man’s increasing need for
water and additional areas for housing and recreation
developments. The coastal areas of the United States
are experiencing most of the water problems common to
inland regions, as well as problems that are unique. In-
crease in the salt content of ground water, bsys, estuar-
ies, and canals results from sea-water intrusion. Water
quality and aquatic life are affected by waste effluents,
heat, sediment, pesticides from cities and farms, and
upstream diversion of fresh water for irrigation, indus-
trial, and municipal use. Solutions to these old and new
problems are being sought in better understanding of
geology, hydrology, and water quality, and in improved
management methods. However, the solution to many
of the problems depends largely on settlemont of eco-
nomic conflicts that are deeply rooted in tradition and
law.

The coasts of the conterminous United States and its
outlying islands are tremendously diverse in climate,
topography, and geology. Superimposed on this diver-
sity of environment is a diversity of human history of
exploitation of the abundant natural resources. As
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western man’s influence spread across the continent dur-
ing the past 314 centuries, the seeds of today’s water
problems were sowed along the Nation’s waterways.
Nowhere, however, are the problems as old or as press-
ing as near the sea coasts, where the saga of the Nation’s
development began.

Estuarine sedimentation

Laboratory experiments suggest that suspended mat-
ter in rivers is flocculated and deposited where it reaches
salt water. R. H. Meade has found, however, that the
concentration of suspended matter in estuaries associ-
ated with some moderately large rivers of the Atlantic
seaboard show no accelerated decrease that can be
attributed to salt flocculation. The velocity of estuarine
waters is apparently sufficient to obscure the expected
effects of salinity and to keep the material in suspen-
sion. The general decrease in suspended matter associ-
ated with increasing salinity in a seaward direction can
be attributed to simple dilution by sea water.

A maximum concentration of suspended matter near
the upstream limit of sea salt is superimposed on the
general seaward decrease in suspended-matter concen-
tration. Suspended-matter concentrations decrease both
upstream and downstream from this maximum, which
has been found at one time or another in all the estuaries
of the Atlantic Coastal Plain. Tt seems to reflect the
accumulation of suspended matter near the salt limit
by net landward flow along the estuary bottom.

Tidal low in Connecticut River estuary

Several gaging stations along the Connecticut River
estuary are being used by F. H. Ruggles, Jr., and L. A.
Weiss to compute upstream and downstream compo-
nents of tidal flow in the estuary. During 1966 the total
downstream-flow volume was 4X10'* cu ft, and the
total upstream-flow volume was 6X10° cu ft. The
greatest volume of upstream flow during a single tidal
cycle was 6.04X10° cu ft on July 4. When fresh-water
inflow to the estuary is at the rate of about 1.3X10°
cu ft per day, there is no upstream flow near Middle-
town, Conn.

Influence of temperature on attachment organisms in
Patuxent River estuary, Maryland

During the period 1963-66, observations were made
on macrofauna attaching to panels submerged at depths
of 0.1, 3.5, and 7 m at the Patuxent River bridge by
R. L. Cory and J. W. Nauman. Five of the six most
abundant species showed a significant increase in num-
ber with increase in depth, while only one showed a
decrease. Despite the vertical variation in number, com-
munity productivity differed little at the 3 levels: 31
percent of the total dry weight at the surface, 38 per-
cent at middepth, and 81 percent at the bottom. The
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results from 1- and 3-month panels closely agreed. The
fact that the attaching juveniles tend to concentrate
at the lower depths lends further support to the tlsory
that advanced larval stages of estuarine benthic fauna
move downward in the water column, taking advantage
of a residual or nontidal drift upstream that is evident
in most estuaries and was observed in this one.

Attachment faunal observations were also mac'e on
panels submerged in the intake and effluent cooling-
water canals of a large steam electric plant located on
the estuary. Two to three times the amount of biomass
accumulated on the panels in the effluent canal during
the period February—August 1967, with no significant
difference in species composition. The increased growth
appears to be directly related to temperature, which
averaged 7°C higher in the effluent canal.

Salt-water intrusion and municipal wastes in Miami-
Ft. Lavderdale area, Florida

In general the salt fromt in the highly perm-able
Biscayne aquifer is dynamically stabilized 2 to 8 miles
inland from the coast in accordance with fresh-water
levels maintained in controlled canals of the Central and
Southern Florida Flood Control District. However,
some intrusion continues in response to lowered fresh-
water levels in the vicinity of tidal canals in which
salinity-control structures are located far upstream and
in areas of extremely heavy pumpage, according to C. B.
Slierwood, H. J. McCoy, and Howard Klein.

The development of ground-water supplies of as
much as 100 mgd by induced infiltration from major
canals slightly upstream of control structures has been
highly successful, but it also makes the careful moritor-
ing and control of intrusion into the well-field areas
highly ecritical. Salt-intrusion problems have required
major improvements in the water-control system to
alleviate salinity problems in the vicinity of the primary
well fields of both Miami and Ft. Lauderdale. In Miami
a new structure is being designed by the Corps of Fngi-
neers to control flow in the Miami Canal downstream
from a tributary canal which has caused intrusion to-
ward the well field. In the Ft. Lauderdale Pro-pect
Well Field area a controlled feeder canal is being con-
structed by Broward County agencies to convey water
from the regional system into the well-field area to
replenish the aquifer and thus provide a barrier against
salt intrusion which is moving into the well field. This
is the first canal in this area constructed primarily as
a well-field-replenishment and salinity-control measure.

The effect of effluent wastes and pesticides ir. the
canals of the Central and Southern Florida Flood Con-
trol District is being monitored at several sites to detect
potential problems. Analyses of samples from 4 canals
in north Dade County and Broward County, which
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receive as much as 2.5 mgd of treated effluent, indicates
a dissolved-oxygen content as low as 0.7 mg/1, low levels
of several minor chemical constituents related to efflu-
ents, and detectable quantities of Lindane, Dieldrin,
or DDT. Although no problems exist at present, the
induced infiltration of large quantities of canal water
into municipal well fields accents the need for careful
monitoring of the quality of the water in the system.

Hydrology of Old Tampa Bay, Fla.

J. A. Mann is studying the feasibility of converting a
17-sq-mi area of salt-water estuary—Old Tampa Bay—
into a fresh-water lake. One of the primary objectives
of the fresh-water lake is to reduce salt-water encroach-
ment in the underlying aquifers. Test drilling at several
locations in the bay bottom have revealed a relatively
impermeable clay layer which, if areally extensive,
should effectively seal off water in the bay from that in
the aquifers.

Preliminary calculations indicate that the average
yearly runoff from the contributing area of the proposed
lake would be sufficient to displace the volume of water
in the lake twice each year. During 1956, the driest year
of record, the inflow would have been sufficient to
maintain lake level at or above minimum design level
for the entire year.

Digital water-quality monitoring equipment has been
installed to record rainfall on the water surface as well
as to record conductivity, temperature, and the stage of
Old Tampa Bay. A digital recorder equipped with a
conductivity probe has been installed on a deep well
near Old Tampa Bay to monitor movement of the fresh-
water—salt-water interface in the principal artesian
aquifer.

Hydrographs from shallow and deep wells near the
bay and from a deep well at some distance inland show
a pattern of water-level fluctuations that is similar to
that in the bay. These relations may be a result of
interconnection between water in the bay and that in
the aquifers or the effects of external compression of the
aquifer and its confining layer.

Some hydrologic effects of canal 111, Florida

A study of the canal 111 area in southernmost Dade
County by H. H. Barnes, F. W. Meyer, and J. H. Hart-
well showed that excavation at U.S. Highway 1 near the
coast, which had been proposed, would both endanger
the ecology in parts of Everglades National Park and
accelerate salt-water intrusion in the Biscayne aquifer
south of Homestead. Meyer and J. E. Hull, in an addi-
tional analysis of ground-water records for the area
near canal 111, emphasized that the proposed excavation
would (1) increase fresh-water seepage losses, (2) ac-
celerate inland encroachment of sea water, (3) lower
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ground-water levels south of Homestead, ard (4) in-
crease the frequency of tidal inundations of parts of
Everglades National Park. As a result of this study,
the Corps of Engineers agreed to build a temporary
water-control structure and started a prograri to moni-
tor changes in salinity and in water levels.

To assist in the conservation of fresh water, F. A.
Kohout in his analyses of a plan for urbanization of
203 sq mi of swampland on the fringe of the Everglades,
calls for the pumping of excess water westvard over
dikes into a conservation area instead of eastward to
tidewater.

Composition of San Francisco Bay water

D. H. Peterson is studying the waters of San Fran-
cisco Bay with emphasis on distribution, characteristics,
and abundance of suspended clay minerals and organic
materials as related to season, source, and denositional
environment. Nutrients associated with the organic
materials are also being investigated.

Preliminary results show that waters at the south
end of the bay, which are known to have a relatively low
dissolved-oxygen content (generally less than 5 mg/1),
are relatively high in dissolved organic material (up to
10 mg/1). The abundance of ammonium, nitrite, and
nitrate appears to be too high to be explaired by the
concentration of dissolved organic material. Tenta-
tively, this suggests significant alteration of suspended
particulate organic material or decomposition of or-
ganic matter to CO; or to carbonaceous material that is
not detected as dissolved organic carbon.

Nitrate-nitrogen levels and planktonic product'an, Sacra-
mento~-San Joaquin estvary, California

W. D. Silvey, in a study of dissolved-oxyger dynamics
in the Sacramento—San Joaquin estuary, reports that
nutrients, nitrogen, and phosphorus show no diurnal
variations in concentration. Furthermore, phosphate-
phosphorus levels were found not to be a limiting factor
with respect to planktonic growth activity. However,
nitrate-nitrogen levels were a limiting factor during the
spring maximum, and remained a factor through the
spring bloom period. The data strongly indicate that
the essential nutrients are derived mainly from the
bottom sediments of the estuary, and that the rate of
release of nitrate-nitrogen from the sediments limits
plankton production. After the spring maximum, dif-
ferent species of phytoplankton develop smell popula-
tions, suggesting that other factors—possibly micro-
nutrients—Ilimit their growth.

Tidal sediment transport, Bolinas Lagoon, Calif.
Measurements of water and sediment discharge were

made through a tidal cycle on June 22, 1967, at the inlet

of Bolinas Lagoon, north of San Francisco. One-
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hundred-fifty-two tons of suspended sediment was car-
ried into the lagoon by the floodtide, whereas only 36
tons was carried out of the lagoon by the ebbtide. Ten
water measurements and seven sediment measurements
were made during the floodtide (lower low water to
lower high water). Six water measurements and five
sediment measurements were made during the ebbtide
(lower high water to higher low water). According to
J. R. Ritter, the maximum measured water discharge
and average velocity during floodtide were 5,810 cfs
and 3.5 fps, respectively, and during ebbtide were 3,720
cfs and 2.4 fps. The range of floodtide was about 4 feet,
and that of ebbtide about 1.3 feet.

Chemistry of Mattole River water, California

A detailed investigation of the Mattole River in
northern California by V. C. Kennedy and R. L. Mal-
colm is designed to establish the relationship at different
times between stream discharge and quantity of organic
and inorganic constituents contributed to the sea. The
Mattole River was chosen because it is virtually free of
chemical changes caused by man. Analyses of the stream
water show a consistent pattern of silica variation with
water discharge. When rain begins, the initial runoff
shows a decrease in silica concentration, compared with
that before the rain. However, within 8 to 16 hours, the
dissolved-silica content increases rapidly and commonly
exceeds the concentrations present before the storm. This
increase in silica can occur while the stream discharge
is still increasing and the specific conductance and dis-
solved-salts content are decreasing. Peak silica concen-
trations are reached in 3 to 4 days after maximum water
discharge. The silica concentration then slowly decreases
while discharge continues to decrease and specific con-
ductance increases. Silica concentrations range from 6
to 7 mg/1 at the end of the summer dry season to a high
of 12 to 18 mg/1 during the winter rainy season. The
silica and specific-conductance data suggest the possi-
bility that seepage water from surface soils has a rela-
tively high silica content and low dissolved-salts content
compared with the deeper ground water of the area.

Behavior of phytoplankton in Duwamish estuvary,
Washington

An inverse correlation between tidal stage and chloro-
phyll concentration previously had been noted by E. B.
Welch, of the U.S. Geological Survey, and G. W. Isaac,
of the Municipality of Metropolitan Seattle, in a study
of phytoplankton in the Duwamish estuary, near Seat-
tle. During the summer and early fall of 1967, field data
gathered by L. J. Tilley afforded material for a test of
the hypothesis of inverse relationship between the two
parameters. In the upstream, fresh-water part of the
estuary the hypothesis was confirmed on 4 out of 12
occasions. In the salt-wedge part of the estuary, where
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mixed fresh water and salt water override unmixed salt
water, it was confirmed on 17 out of 22 occasions at the
surface, but on only 6 out of 15 occasions at depth, in
the salt water. At the mouth of the estuary the inverse
relationship was found to exist 5 times out of 7 at the
surface, but only 1 time out of 7 at depth.

MANAGEMENT OF NATURAL RESOURC™S
ON FEDERAL AND INDIAN LANDS

The functions of the Conservation Division of the
U.S. Geological Survey relate to the conservation and
development of the water and leasable mineral re-
sources of the Federal and Indian lands, including the
Outer Continental Shelf (OCS). Primary objectives
are: (1) to preserve public-land reservoir sites to assure
their availability as needed for future water-resources
development; (2) to promote the efficient and timely
development, maximum utilization, and proper dispnsal
of mineral resources which are leasable under the }in-
eral Leasing Acts on public, acquired, and Outer Con-
tinental Shelf lands; and (3) to assure that the govrn-
ment receives a fair capital and royalty return for the
exploitation of its lands and minerals.

Division geologists and engineers evaluate and
classify Federal lands for leasable minerals and for res-
ervoir and waterpower sites. They determine the value
of leasable mineral resources in such lands in order to
establish a minimum acceptable price for the sale, by
competitive bidding, of the right to prospect and de-
velop the mineral deposits in them. Division engineers
also supervise the prospecting, development, and extrac-
tion of leasable minerals in Federal lands and establish,
collect, and account for royalties on mineral production.
Similar functions are performed for some Indian lands.

Field offices of the Division are listed on page A215.
Geologic and hydrologic investigations in progres= by
geologists and engineers of the Conservation Division
are given in the list starting on page A221 under the
categories “Geologic Mapping,” “Glaciology,” “Water-
power Classification,” and various commodities such as
“Coal” and “Petroleum and Natural Gas.” Scientific and
economic results of these investigations are publiched
as books and maps in the regular series of Geological
Survey publications. Important scientific findings of
current interest by Division geologists are included in
the section “Geological, Geophysical, and Mineral-
Resource Studies.”

CLASSIFICATION OF MINERAL LANDS

The Organic Act creating the Geological Survey
charged the Director with the responsibility of clas-ify-
ing the public-domain lands. In order to prevent aliena-
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tion of lands containing valuable minerals not subject to
the general mining laws, large areas of such lands were
withdrawn and classified, and they may not be dis-
posed of without a reservation of mineral rights to the
government. Withdrawn lands not yet classified are
being systematically investigated geologically and
evaluated for their mineral potential.

Mineral-land classification is a determination of the
mineral or nonmineral character of the Federal lands
in terms of the quality, thickness, depth, and extent of
leasable mineral deposits. The geologic data for evaluat-
ing these criteria are obtained from all sources, includ-
ing detailed mapping and sampling. Continual reap-
praisal of classification and revision of the standards to
be used in classification determinations are required to
keep resource evaluations consistent with current
geologic knowledge, mineral technology, and land use.

Mineral-land classification complements the leasing
provisions of the Mineral Leasing Acts by reserving to
the government, in disposal of public land, the title to
such energy resources as coal, oil, gas, oil shale, asphalt,
and bituminous sands, and such fertilizer and industrial
minerals as phosphate, potash, sodium, and sulfur. All
minerals in acquired and Outer Continental Shelf lands
are reserved and are subject to the Mineral Leasing
Acts.

A program “Marine Resource Evaluation” was ini-
tiated in 1968. This is designed to establish a value to
be used as the minimum acceptable price for OCS lease
blocks offered for sale by competitive bidding. In this
program Division geologists and engineers analyze sub-
surface data available from drilling by private com-
panies in prospecting and developing leased tracts on
the OCS. The information thus acquired permits the
evaluation of nearby undrilled lease blocks to be offered
in future sales and is expected to return large benefits in
increased financial returns from the sale of development
rights to OCS mineral deposits.

Currently about 50 million acres of withdrawn or
prospectively valuable mineral lands requires classifica-
tion for leasable minerals to protect the public mineral
estate in the event of surface disposal and to provide
data for intelligent multiple-land-use management.
Areas included in lease applications are classified to
determine whether they shall be subject to competitive
or nonconipetitive mineral lease or permit. Reports are
made on more than 20,000 leases and applications each
year.

Determinations of mineral potential are made for the
guidance of various executive agencies, at their request,
on specific tracts of Federal lands under their supervis-
ion that are proposed for sale or exchange. Nearly 5,000
such reports were made to other Federal agencies in
1968.
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New geologic quadrangle maps prepared for classifi-
cation purposes are published in the standarc map series
of the Geological Survey.

WATERPOWER CLASSIFICATION—PR™SERVA-
TION OF RESERVOIR SITES

The objective of this program is to identify, evaluate,
classify, and segregate from disposal or adverse use all
reservoir sites on the public lands which have a signifi-
cant potential for future development, thus contribut-
ing to the preservation of a scarce and vanishing val-
uable natural resource. Division engineers investigate
stream basins to identify and evaluate reservoir sites,
and make resource studies to provide land-administer-
ing agencies with information basic to land disposal
and multiple-use-management decisions. Thoy also con-
tinually review previous classifications as more reliable
streamflow and topographic data are accumulated, as
technology changes, and as alternative river develop-
ments are undertaken or completed. Many early classifi-
cations are being revised, and much land is released for
return to the unencumbered public domain for disposi-
tion or multiple-use management. During fiscal year
1968, about 123,000 acres of land withdrawn for water-
power purposes were reviewed.

The Geological Survey conducts a limitec specialized
mapping program, largely confined to sites in Alaska, to
aid in water-resources classification of areas not covered
by maps of standard accuracy in the topographic-quad-
rangle series. River basins are mapped at a scale of
1:24,000, and lake bottoms are contoured by precise
sounding surveys.

SUPERVISION OF MINERAL LEASING

Supervision of exploration, prospecting, develop-
ment, and recovery of leasable minerals in deposits on
Federal and Indian lands is a function of th~ Geological
Survey under delegation from the Secretar~ of the In-
terior. It includes: (1) Geologic and engineering in-
vestigation of deposits of oil, gas, coal, oil shale, phos-
phate, potash, sodium, and sulfur under application for
lease or prospecting permit; (2) approval of plans for
drilling, mining, and producing these commodities; (3)
inspection of operations to insure compliance with oper-
ating regulations, leasing terms, and approved plans for
development; (4) performance, or witnessing, of pres-
sure and flow tests on oil and gas wells; (5) determina-
tion of well-spacing patterns that will permit optimum
production of oil and gas with minimum expenditure
of reservoir energy; (6) verification of production and
collection of royalties (except that royalties on some
minerals are paid directly to the Bureau of Indian Af-
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fairs) ; and (7) investigation of unleased Federal lands
near producing fields to determine if they contain de-
posits which are threatened by drainage. In event of
drainage, agreements are negotiated to compensate the
Government for oil and gas drained, or such lands are
offered for lease under competitive-bidding procedures.

The Geological Survey acts as an advisor to the Sec-
retary of the Interior, to other bureaus of the Depart-
ment, and to other Government agencies in matters con-
cerned with the administration of the Mineral Leasing
Acts.

Royalties from public lands are distributed as fol-
lows: 5214 percent to the Reclamation Fund, 8714 per-
cent to the States in which the minerals or fuels are
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produced (except Alaska, which receives 90 percent),
and 10 percent to the Federal Treasury. Royalties from
other land categories are distributed in many different
ways as provided by law. Oil, gas, and sulfur royalties
from the Outer Continental Shelf, constituting rore
than half of all Federal-land mineral royalties in fiscal
year 1968, are paid directly into the Federal Treasury.
Total royalties from all Federal- and Indian-land min-
erals exceeded $250 million in 1968.

Production of crude oil and gas and of other mir eral
products, the total value of mineral products, and the
royalties received from supervised leases on the several
categories of Federal and Indian lands during fiscal year
1968 are shown in table 3.

TABLE 3.—Mineral production, value, and royalties for fiscal year 1968 1

Lands 0il Gas Gas liquids Other 2 Value Royalty

(barrels) (thousand cubic feet) (gallons) (tons) (dollars) (dollars}
Public._.._ . ____ 189, 000, 000 900, 000, 000 500, 000, 000 25, 600, 000 829, 000, 000 85, 000, 000
Acquired- _ .. ___________ 11, 000, 000 28, 000, 000 500, 000 265, 000 51, 000, 000 6, 000, 000
Indian__.___________________ 31, 000, 000 125, 000, 000 65, 000, 000 11, 628, 000 132, 000, 000 16, 000, 000
Military - .. ____ 1, 500, 000 48, 000, 000 50,000,000 ______________ 13, 500, 000 2, 200, 000
Outer Continental Shelf . _____ 260, 000, 000 1, 400, 000,000 ______________ 1, 900, 000 1, 104, 000, 000 180, 000, 000

Naval Petroleum Reserve

No.2___ . 3, 000, 000 5, 000, 000 14,000,000 ______________ 10, 000, 000 1, 200, 000
Total_._______________ 495, 500, 000 2, 506, 000, 000 629, 500, 000 39, 393, 000 2, 139, 500, 000 290, 400, 000

1 Estimated in part.

2 All minerals except petroleum products; includes coal, potassium, sodium, and so forth.

318-835 O - 68 - 7
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EXPERIMENTAL GEOPHYSICS
GEOTHERMAL STUDIES

Model of thermal history of earth’s mantle consistent
with observations

A plausible mathematical model of the thermal his-
tory of the earth’s mantle has been constructed by
W. H. K. Lee. Numerical solutions of the heat equation
with moving heat sources were obtained for several sim-
ple radial models. Selective fusion of silicates was ap-
proximated by melting of a multicomponent system and
redistribution of radioactive elements. It was found that
models with selective fusion give results compatible
with constraints imposed by seismic and heat-flow ob-
servations. Models without selective fusion fail. The
results suggest continuous differentation of the earth’s
mantle throughout geologic time and support the hy-
pothesis that the earth’s atmosphere, hydrosphere, and
crust have been accumulated by degassing and selec-
tive fusion of the mantle.

Heat flow in Arctic Ocean

Measurements from ice island Arlis IT have revealed
new information on water circulation in the Denmark
Strait, as well as data on heat flow near the mid-ocean
ridge. Applying heat-conduction theory to measured
temperatures in the sea-bottom sediment, A. H. Lachen-
bruch and B. V. Marshall determined that the bottom
temperatures fluctuated or the order of 0.1°C for a few
hours to a few weeks before each observation. Analysis
of synoptic bottom-temperature data revealed that these
fluctuations are very systematic. They can be explained
by the sudden discharge of a 100-km long “bolus” of
cold bottom water into the North Atlantic. This evi-
dently sets up a damped oscillation of the bottom water,
with a period of 4 weeks observable 200 km from the
source. Such discharges of Arctic water through the
Denmark Strait are important because of their possible
relation to the productivity of North Atlgntic fishing
grounds and to climatic change, but they are difficult to
investigate by conventional oceanographic techniques.

The Arlis IT results reveal also a systematic decrease
in heat flow from 2.6 pcal/cm?sec 100 km from the
seismic and topographic axis of the midocean ridge to
1.3 pcal/cm?sec 200 km from it.
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Heat flow measured at Menlo Park, Calif., using
oceanographic techniques

In many regions, crystalline rocks are covered by
hundreds of meters of unconsolidated and poorly con-
solidated sediments. Estimates of heat flux within these
sediments using standard continental techniques (tem-
perature and conductivity measurements of intervals of
10 to 30 m) are unreliable, mainly because of the diffi-
culty in obtaining and preserving representative lengths
of core. In analysis of data from a hole drilled in Menlo
Park, Calif., by the Geological Survey, it has been
demonstrated that these problems can sometimes be
circumvented by using oceanographic geothermal tech-
niques, which consist of carefully determining the ther-
mal conductivity of short sediment cores and measuring
the thermal gradient with great precision over the cor-
responding depth interval. J. H. Sass, R. J. Munroe,
and A. H. Lachenbruch have shown that heat flows
determined independently by this method at several
depths between 60 and 220 m all agreed to within 10
percent.

The heat flow at Menlo Park ishigh (2.1 ucal/cm?sec).
The value agrees with preliminary results from a se~ond
site 12 km to the south.

Thermal instability of fluid in large boreholes

The geothermal gradient in water-filled drill holes
exceeds the adiabatic gradient and the stability critarion
put forth by Hale in 1937.2” Some sort of movement of
the water was, therefore, suspected. It was not until
1965 that this was independently discovered by W. H.
Diment (r2169) and Gretner *® and the results reported
in companion papers. Diment found that wher the
critical gradient is exceeded, the water moves in cells
or eddies having dimensions on the order of the diarmeter
of the hole. The resulting temperature variations are a
few hundredth of a- degree and exhibit a complex
spectrum, with periods ranging from a few minutes to
over an hour. The practical importance of the phe-
nomenon is that these temperature oscillations limit the
resolution of geothermal logs in determining details of
stratigraphy and the movements of fluids into and out
of the drill hole from the surrounding rocks.

27 A. L. Hale, 1937, Convection currents and geysers: Royal Astron.
Soc. Geophysics Supp., v. 4, no. 1, p. 122131,

2 P, E. Gretner, 1967, On the thermal instability of large ditmeter
wells—An observational report: Geophysics, v. 32, no. 4, p. 707-738.
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Conductivity of common crystalline aggregates

Measurements of the thermal conductivity of rock-
forming minerals by W. H. Diment, supplemented by
published data, indicate that: (1) substitution of a
heavier cation for a lighter one in an isomorphous series
usually reduces the thermal conductivity; (2) sheet sili-
cates are anisotropic by a factor of 5 to 6, but the abso-
lute values differ considerably (phlogopite 2 and 12
meal/em sec®C in directions perpendicular and parallel
to the plane of perfect cleavage, respectively, chlorite
4 and 24, talc 4 and 24); (3) all common polymorphs
of Al,Si0; have a high conductivity (20 to 30 for mono-
mineralic aggregates) ; and (4) the range in conductiv-
ity of a given mineral, particularly that of mono-
mineralic aggregates, often exceeds 10 percent because
of impurities, alteration, imperfections, and low but
significant porosity. Thus, most values, especially those
measured at low pressures, should be regarded as too
low.

The mean conductivity of a surprising number of
igneous and metamorphic rocks falls between 6.5 and
8.5. Exceptions likely to be of regional importance are
anorthosites, the purer quartzites, dolomitic marbles,
unaltered basalts, gabbros, and ultramafic rocks. The
conductivity of mafic and ultramafic rocks is strongly
controlled by the amount of chlorite and serpentine
present. Although the conductivity of the unaltered
mafic and ultramafic rocks is far from the mean, their
altered equivalents are much closer to it. The thermal
anisotropy of rocks probably is of no regional
significance.

Annual thermal changes in stratified lakes

Periodic temperature observations in Green and
Round Lakes near Fayetteville, N.Y., by W. H. Diment
reveal several unexpected facts: (1) The lower water
zone (monimolimnion) is not stagnant. With onset of
ice cover it divides into several horizontal isothermal
zones which exhibit sharp boundaries with those above
and below. The number of zones and their persistence
into the summer differ with the two lakes. (2) The
region near the central water zone (chemocline) warms
through the spring, summer, and even during the fall
when the upper zone (mixolimnion) is cooling. This
feature is thought to be the result of the optical opacity
of the bacterial layer that exists in the chemocline, and
it disappears during periods of ice cover. (3) Tempera-
tures on the bottom exhibit an annual variation of a
few tenths of a degree, but the amplitude and phase of
the variation depend on the depth to the bottom. A
longer term variation of small amplitude also occurs.
On the basis of these results and those from two newly
discovered meromictic lakes (Clark Reservation Green
Lake near Jamesville, N.Y., and Devils Bathtub near
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Mendon Center, N.Y.) an attempt is being made to
evaluate small meromictic lakes as an environment for
the measurement of terrestrial heat flow.

Surface heat flow in geothermal areas eva'vated from
rate of snow melting

A semiquantitative method was developed by D. E.
White and L. J. P. Muffler for measuring total heat flow
through hot ground adjacent to hot springs. The method
utilizes heavy individual snowfalls as calorimeters, ex-
tending Dort’s 2 qualitative observations. At selected
intervals after a favorable snowfall, the retreating
snowline is mapped on a detailed topographi~ base. Each
mapped line is a heat-flow contour and is calibrated by
determining how much heat is necessary to melt the
snow still remaining on a unit area of well-insulated
objects along the contour line (boardwalks provide very
convenient controls in many Yellowstone thermal
areas). Hot-spring water of measured temperature
(and heat content above 0°C) is convenient and simple
to apply in calibrating each contour. Twao reasonably
reliable contours have been mapped in the Cld Faithful
test area, and these show that heat flow is roughly 680
and 390 times the “normal” heat flow. These very high
values are consistent with other evidence for high heat
flow. Under favorable conditions, use of snowfall calo-
rimeters can provide much data with minimal time,
equipment, and expense, if large local differences in
heat flow exist.

ROCK MAGNETISM

Developments in geomagnetic-polarity time scale

The time scale for changes of the geomagnetic field
from normal to reversed for the last 3.5 m.y. has re-
mained virtually unchanged during the last year, even
though the addition of new data has nearly doubled the
number of points determined. The best tire estimates
for boundaries between polarity epochs (I°, reversed;
N, normal) are now

Matuyama (R)-Brunhes (N)_.__________ 0.7
Gauss (N)-Matuyama (R)____._________ 2.5
Gilbert (R)-Gauss (N)ococmemmommooo 3.3

Changes in polarity direction have been rncognized at
0.9 m.y. (Jaramillo normal), 1.6 m.y. (Gilsd normal),
1.9 m.y. (Olduvai normal), 2.7 m.y. (Kaena reversed),
3.1 m.y. (Mammoth reversed), 3.7 m.y. (Cochiti nor-
mal), and 4.1 m.y. (Nunivak normal). In an attempt to
extend the reversal time scale to middle and early Plio-
cene time, R. R. Doell, G. B. Dalrymple, A. V. Cox, and

29 Wakefield Dort, Jr., 1966, Rapid reconnaissance of heat-flow patterns
in snow-covered thermal areas: Jour. Geophys. Research, v. 71, no. 18,
p. 4439-4440.
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C. S. Grommé studied 44 volcanic units from the west-
ern United States using paleomagnetic and K-Ar tech-
niques. The results, along with those of a theoretical
study by Cox and Dalrymple, indicate that there is not
much hope of extending the time scale much beyond 5
or 6 m.y., unless the precision of K-Ar dating is sig-
nificantly improved.
Paleosecular variation in Central Pacific

Directions of remanent magnetization of samples
from 116 lava flows of the Waimea Canyon and Koloa
Volcanic Series (Kauai, Hawaii) and from 111 lavas
of the Waianae, Koolau, and Honolulu Volcanic Series
(Oahu, Hawaii) have been reported by R. R. Doell.
The ages of these volcanic rocks range from about 5.5
m.y. for the Waimea Canyon Series to probably less than
0.7 m.y. for the Honolulu Series. In general, the amount
of scatter between directions of remanent magnetization
in different lavas within a given series is small, indicat-
ing that secular variation generally has been subdued
in the Central Pacific throughout this period of time.
A similar conclusion was reached from paleomagnetic
studies of lavas less than 0.7 m.y. old from the island
of Hawaii. However, in a few superposed sequences of
lava flows, remanent magnetizations show marked direc-
tion changes, such that the virtual geomagnetic poles
calculated from these directions move several tens of
degrees along great-circle paths. These changes are in-
terpreted as being due to rapid infrequent movements
of the geocentric dipole rather than to changes in the
nondipole portion of the geomagnetic field.

MECHANICAL PROPERTIES OF ROCKS
PRESSURE AND TEMPERATURE STUDIES

Laboratory investigations of the elastic and defor-
mational properties of rocks under high pressure were
made with several techniques and apparatus. In a study
at room temperature of stick-slip sliding on fault sur-
faces, J. D. Byerlee found that stick-slip begins at con-
fining pressures above 2 kb, and slip occurs with a drop
in stress after each buildup ; the stress drop increases di-
rectly with confining pressure. Rocks with serpentine
alteration, for example some gabbros and dunites, and
limestones deform only with steady creep along faults,
with no stick slip. Byerlee and W. F. Brace have pro-
posed that earthquakes develop in the crust by this
stick-slip mechanism, substantiating quantitatively
Reid’s elastic-rebound explanation for earthquakes. The
experiments of Byerlee and Brace explain the increase
in number and in energy-release of earthquakes with
depth in the crust; they explain also elastic buildup and
sudden motion by a stress drop at some places along a
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fault while a steady creep occurs elsewhere along the
fault.

C. B. Raleigh compared slip mechanisms in olivine
deformed experimentally under high pressure and tem-
perature with slip in meteoritic and terrestrial olivines.
The mineral in chondritic meteorites apparently was
deformed rapidly and at relatively low tempersture,
whereas terrestrial olivines and those in achondrites ap-
pear to have been deformed at slow strain rates or high
temperatures or both. Achondrites may have come from
deep in the supposed parent planet, and the chondrites
from near its surface.

The apparent viscosity of Hawaiian basalt, measured
directly in lava lakes and in laboratory experiments,
ranges from 10? poises at 1,300°C for molten ro-k to
10° poises at 1,120°C for melt with 25 percent crystals.
H. R. Shaw has found that with decreasing tempera-
ture the viscosity of the partly molten material be-
comes increasingly nonlinear (that is, non-Newtonian),
and analysis indicates that viscous dissipation of heat
occurs. Applied in reverse to convecting rock in the
mantle near the solidus temperature, this conclision
implies that viscous heating would be accelerated by
shearing. This could explain progressive partial melting
and possibly deep-focus earthquakes in the upper
mantle.

The effect of pressure on the longitudinal (V,) and
shear (V,) velocities in Solenhofen limestone was
studied by Louis Peselnick and Robert Meister. For
pressures from 1 atm to 5 kb, ¥, increases 2 percent and
V, 0.6 percent; the velocities are directly proportional
to density also, and extrapolations to the density of cal-
cite agrees quite well with the velocities measured on
single crystals. Above 5 kb, microfracturing and local
deformation cause slight irreversible shifts in the ve-
locities; testing samples without jacketing them also
causes velocity-pressure loops due to fluid trapp~>d in
the pores. The sharp decrease in velocity at 15 kb, the
caleite I to calcite IT (or III) transition, is the result
of local stress concentrations in the limestone; observa-
tions of the time dependence of velocity changes with
small step increases in pressure in the 8- to 10-kb range
indicate that the calcite I to IT (or III) transiticn oc-
curs in times longer than microseconds but less than 10
seconds.

The same transition of calcite I to IT (or ITI) in pure
limestone from Oak Hall quarry, Pennsylvania. was
studied in a cubic press by E. C. Robertson, Rudolph
Raspet, and Louis Peselnick. Representative valves of
¥, at various pressures are 5.9 km/sec at 1 atm, 6.15
km/sec at 13 kb, 4.7 km/sec at 19 kb, and 5.7 km/sec
at 30 kb; the 25-percent drop due to transition at 15
kb shows the sensitivity of ¥, (and V) to crystal struc-
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ture; the change in volume was only 0.1 percent. The
hypothesized equivalence of mean stress to hydrostatic
pressure for phase transitions was corroborated by two
experiments on the limestone; at the transition calcite
Ito IT (or III), the maximum stress difference was 4
kb and the mean stress was 14.7 kb, compared to the
15.0 kb observed under hydrostatic pressure.

PERMEABILITY STUDIES

Permeability of a porous sandstone can be calculated
from grain size and porosity, and it can be corrected
" to agree with the somewhat smaller measured perme-
ability by applying a correction factor, as demonstrated
by G. E. Manger. Reducing the porosity by Irmay’s
factor (1—38,)3, where the S, is residual capillary water,
brings the computed permeability into reasonable agree-
ment with measured permeability for values above 1

millidarcy; the assumption is that some fraction of

the saturating fluid does not flow due to capillary forces.

GEOCHEMISTRY, MINERALOGY, AND
PETROLOGY

EXPERIMENTAL GEOCHEMISTRY

Experimental methods and apparatus

Motoaki Sato has expanded application of electro-
chemical cells for measurement of oxygen fugacities
(in U.S. Geol. Survey, r0439, p. A158) to problems of
the thermal history of mineral assemblages. Individual
minerals (ferromagnesian silicates and various oxides)
from a given assemblage are used to determine a curve
of oxygen fugacity versus temperature by comparison
with a reference gas. The respective curves for two or
more minerals from the assemblage are compared, and
. a temperature of equilibrium oxygen partitioning be-
tween the minerals is given by a point of intersection.
Agreement or disagreement of such intersections for
different mineral pairs gives information concerning
the past temperatures and equilibrium states of the
individual minerals or assemblage as a whole. For ex-
ample, olivine and augite form a sample of the Duluth
Gabbro Complex showed identical oxygen fugacities
(log fO.=—11.18) at 1,200°C=10°. Comparison of
curves for each of these minerals with an iron-titanium
oxide, however, showed no intersection in the case of
olivine, and an intersection at about 870°C (log
fO.=—16.22) in the case of augite. This suggests that
the history of each of the minerals was somewhat differ-
ent and that equilibrium was not established at the
lower temperature. Accordingly, the result given by the
pair olivine-augite is probably representative of condi-
tions early in the crystallization history of the gabbro,
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and these phases seem to have been isolated from fur-
ther oxygen exchange, perhaps because of crystal
settling.

J. S. Huebner has improved the traditional gas-mix-
ing apparatus, used for control of oxygen figacities in
open furnaces, by introducing the electrockomical cell
developed by Sato (see preceding paragraph) as a di-
rect monitor of the oxygen fugacity. Calibretion of gas
proportioning is no longer necessary, ard internal
equilibrium of gas species need not be asrumed. Gas
mixtures (for example, Poco,/Prn, between about 10°
and 10%) whose compositions previously could not be
calibrated can now be used to extend the upper limits of
the oxidizing range, enabling study of mary reactions
at lower and more appropriate temperaturss. The ap-
paratus is being used to extend data for tl - reactions
NiO=Ni+140,, 4Fe;0,+0.=6Fe,0;, and 6MnO+
Oz=2Mn304.

P. B. Hostetler and C. L. Christ have developed an
apparatus for the study of aqueous-solution mineral
equilibria at temperatures from 0° to 95°C, and at a
total pressure of 1 atm. It consists of a cylindrical water
bath that is constructed of 34-inch-thick polypropylene
and is approximately 24 inches in diameter and 934
inches high. Five polypropylene reaction vessels, 3 of
1,800 ml capacity and 2 of 500 ml capacity, are sus-
pended from the lid of the bath. Each reaction vessel
has a water presaturation vessel, and theve are four
smaller chambers for buffers. A valve system provides
for gas of any composition to be bubbled at any rate
through the reaction vessels. Temperature is controlled
more closely than =+0.05° at 95°C. This ty»e of silica-
free reaction vessel is particularly useful for the study
of silicate minerals. The prototype of the present bath
was used to determine a value of 5X10- for the activ-
ity-product constant of chrysotile at 9C°C (P. B.
Hostetler and C. L. Christ, in U.S. Geol. Survey,
r0439, p. A158-A159; r1876).

Stability conditions for manganese oxides and carbonate

J. S. Huebner has extended his study of the system
MnO-C-Si-O by refinement of manganese oxide buffer
reactions using the electrochemical method of Motoaki
Sato (see first paragraph of this section). The oxides
studied are: manganosite (Mn, .0), l'~usmannite
(Mn;0,), and “bixbyite” (Mn,O;). Curve: of oxygen
fugacity versus temperature were determined for the
pairs manganosite~-hausmannite and hausmannite-bix-
byite at 1 atm toal pressure for the temperature ranges
771° to 1,202°C and 594° to 952°C, respectively. Equi-
librium oxygen fugacities for these reactions are much
higher than those for analogous iron oxides at the same
temperatures. Consequently, substitution of manganese
in iron oxide phases probably implies higher equilib-
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rium oxygen fugacities than would be inferred on the
basis of the pure phases.

Decomposition reactions of rhodochrosite involve
graphite, manganosite, hausmannite, braunite, bixbyite,
pyrolusite, olivine, and pyroxenoid, depending upon
bulk composition, oxygen fugacity, temperature, and
total pressure. Experiments in a CO.+CO atmosphere
indicate that at 1,000 bars, for example, rhodochrosite
decomposes to manganosite and hausmannite at 715°C
and log fO.=—12.6; to hausmannite and bixbyite at
330°C and log fO,= —8.4, and to bixbyite and pyrolu-
site at 260 °C and log fO.= —5.6. Application of these
data indicates that oxygen fugacities prevailing during
metaporphism of bixbyite, braunite, or pyrolusite de-
posits are greater than those of surrounding iron- and
graphite-bearing country rocks. The steep oxygen
chemical potential gradient between the manganese
oxide deposits and the country rock precludes the for-
mation of such a deposit from divalent manganese
minerals by regional metamorphic processes, and indi-
cates disequilibrium between ore body and country rock.
Thus, the high oxygen fugacities of the manganese-
rich bodies are inherited from premetamorphic mate-
rial. Conversely, relatively low oxygen fugacities pre-
vail during the metamorphism of rhodochrosite deposits
because impossibly large carbon dioxide fugacities are
necessary to stabilize rhodochrosite under oxidizing
conditions.

Theory of phase diagrams

E-an Zen has established the sequences of meta-
stable phase assemblages for ternary equilibrium sys-
tems having a total of five or fewer possible phases.
There are seven geometrically distinct situations. The
number of possible assemblages in sequence, for a given
pressure, temperature, and bulk composition, ranges
from 3 to 5, even though only one metastable univariant
extension exists between stable univariant curves in the
neighborhood of a given invariant point. The sequences
of assemblages, in terms of the Gibbs hierarchy, can be
stated unambiguously, and only those reactions can
occur in nature that go from a higher member (less
stable) to a lower member (more stable) of the sequence.
The results are useful in the interpretation of labora-
tory experiments in which metastable reactions are
suspected. For example, the method has been used to
predict the P-T region in which the metastable reaction
mullite = quartz + corundum should be found. The
results agree with experimental data previously re-
ported by Aramakiand Roy *and Zen (r0491).

% Shigeo Aramaki and Rustum Roy, 1963, A new polymorph of

ALSIO; and further studies on the system AlL,0,-810,-H,0: Am. Miner-
alogist, v. 48, p. 1322-1347.
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Textures in ore minerals

Edwin Roedder (r2175) has found microscopic evi-
dence that the well-known “colloform” textures of
many minerals, particularly sphalerite from various
relatively shallow ore deposits, did not form as a result
of the solidification of colloidal sulfide gels, as has long
been assumed. Instead these textures are merely fine-
grained druses resulting from the formation of a large
number of nuclei, presumably owing to relatively r~pid
precipitation from strongly supersaturated solutons.
The many criteria that have been proposed for a col-
loidal origin for these textures are shown to be ambig-
uous, invalid, or inapplicable to these samples. This
finding eliminates one of the main lines of support: for

‘the concept of the transport of the ore elements in

nature as colloidal sols, and indicates that primary
fluid inclusions in such samples represent the ore fluid
rather than some later fluid from the recrystallizstion
of a gel.

Edwin Roedder also reports the discovery of exceed-
ingly minute, regular, periodically zoned crystal grc wth
which is suspected to represent annual cyclic processes
in their formation. These “varves” were found in crys-
tals of celestite from Clay Center, Ohio, and from simi-
lar localities, and in sphalerite crystals from several
Mississippi Valley type ore deposits, including dep-sits
at Pine Point (Northwest Territories, Canada), in
eastern Tennessee, and Aachen, Germany. The indi-
vidual bands, each consisting of a light and a. dark layer,
are generaly 1u to 10u thick. The causes of the color
differences are not yet known, but in the celestite the
the differences may be caused by organic matter.
The “varves” may be a result of continuous diluticn of
saline ore-forming fluids with surface waters whose
chemical composition or amount varied with the serson.
These “varves” thus may have some usefulness in deline-
ating the rates of deposition and the hydrologic regimen
during the formation of such deposits.

Fluid inclusions

Edwin Roedder and B. J. Skinner (r1183) have com-
pleted a new study of leakage in fluid inclusions, a
possibility which for years had cast doubt on their
usefulness in geologic thermometry.** The suspicicn of
leakage was based on use of inclusions in thin sawn
and polished plates. Using whole crystals or cleavage
fragments of quartz, calcite, and sphalerite undisturbed
by sawing, Roedder and Skinner have found that most
fluid inclusions do not leak under external water pres-
sures of 2,000 or 4,000 bars and temperatures of 100°C
to 410°C, maintained for periods of 70 to 406 hr. Many
inclusions near the surface, even within 5u, did not

a1 B, J. Skinner, 1953, Some considerations regarding liquid inclvsions
as geologic thermometers: Econ, Geology, v. 48, p. 541-550.
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leak. The only inclusions that leaked were some in
which the bubbles were small. Because these homog-
enized at 140°C, they developed an internal pressure
of about 5,000 bars on heating to 410°C, which caused
them to rupture and lose fluid in spite of the external
pressure. These experiments effectively eliminate what
has been one of the major challenges to the validity
of the various data derived from inclusions.

Metals in aqueous solution

J. J. Hemley (r2163), working in collaboration with
Charles Meyer and others at the University of Califor-
nia, Berkeley, has studied the solubility of galena and
sphalerite in aqueous chloride solutions buffered by
silicate mineral assemblages with muscovite present.
Metal concentrations in solution were found to be sig-
nificantly greater than had been found previously by
other workers who used solutions at high values of pH,
unbuffered by silicate assemblages.

Peter Zubovic has found that gold forms soluble com-
plexes with humic acid extracted from peat. When
humic acid functional groups become supersaturated
with gold, the gold separates in colloidal form and
leaves the humic acid complex in solution. This is dif-
ferent from the behavior of analogous iron complexes
where the entire complex is precipitated when the bond-
ing sites are saturated. The work was done with metal
concentrations of 0.01-0.02/ in the pH range 5 to 6.
These metal concentrations are higher than those ex-
pected in natural systems, and therefore the role of the
humic acid complexes in transport and localization of
gold réquires more study.

MINERALOGIC STUDIES AND
CRYSTAL CHEMISTRY

CRYSTAL CHEMISTRY OF ROCK-FORMING SILICATES

Crystal chemistry of ordered clinopyroxenes

A crystal-chemical study of ordered clinopyroxenes,
(M2) (M1) Si,Oq, has been continued by J. R. Clark,
D. E. Appleman, and J. J. Papike 32 who have completed
collection and refinement of X-ray diffraction data for
the crystal structures of four isostructural clinopy-
roxenes with (M2)(M1) contents as follows: diopside,
CaMg; acmite, NaFe*$; ureyite (cosmochlore), NaCr+3;
and iron spodumene, LiFe*s. D. E. Appleman and D. B.
Stewart (r1835) had previously reported on spodumene,
LiAl Clark and others give a comparison of cell param-
eters, bond distances, and bond angles in these and in
the recently refined isostructural clinopyroxenes, jadeite

2J, R. Clark, D. E. Appleman, and J. J. Papike, in press, Bonding

in eight order clinopyroxenes isostructural with diopside: Contr. to
Mineralogy and Petrology.
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(Prewitt and Burnham *), NaAl; a synthetic compound
(Christensen and Hazell ), NaIn**; and johannsenite
(Freed and Peacor ), CaMn*:. The Si-O3 bonds,
which are the bridging bonds in the pyroxene chains,
exhibit considerable lengthening in the Ca clinopy-
roxenes, and their average is in general higher than the
average of the nonbridging Si-O bonds. The relative
constancy and somewhat small value (about 1.590A)
of the pure Si-O2 bond distance in all these compounds
makes this distance especially useful for predicting the
amount of tetrahedral Al in clinopyroxenes with more
complex chemical compositions. In the presence of tet-
rahedral Al this bond is expected to be significantly
longer, and in fact Peacor? found a bond length of
1.629=+0.004A in a clinopyroxene of composition (M2)
(M1) Siy 5Al,506. The Si-O3 bonds are much less sensi-
tive to the presence of tetrahedral Al; Peacor found an
average 1.691A in the aluminous clinopyroxenes, which
is only slightly longer than the 1.683A average for diop-
side and johannsenite.

The relative flexibility of the pyroxene chains is shown
by the deviations in the angle along the chain, 03-03-
03, from the theoretical value of 180° for a straight
chain. These deviations seem to be related to the cation
composition of the M2 sites, and the largest departure
from linearity, about 16°, is recorded for jchannsenite.

Average M1-O distances are quite consis‘ent for the
same cation in different clinopyroxenes, and are in good
agreement with recent tables of crystal ionic radii
(Shannon and Prewitt 37). The & unit-cell dimensions
of the Na and Ca clinapyroxenes increase linearly with
the average M1-O distance, an observation that should
help in estimation of M1 chemical contents for clino-
pyroxenes with more complex chemical ccmpositions.
The & dimension for Na and Ca clinopyroxenes is ex-
pressed by the equation » = 2.562 (M1-O) + 3.613;

M1-O is the average M1-O bond distance.

Exsolution and recrystallization textures
in clinoamphiboles

Exsolution and recrystallization textures have been
found in a variety of metamorphic, plutonic, and vol-
canic rocks by Malcolm Ross, J. J. Papike, and P. W.
Weiblen (r0879). The simplest exsolution textures are
seen in the talc-amphibole schists of the metamorphosed
Grenville Series rocks, Gouverneur mining district,

33 C, T. Prewitt and C. W. Burnham, 1966, The cryst:l structure of
jadeite: Am, Mineralogist, v. 51, p. 956-975.

34 A, N. Christensen and R. G. Hazell, 1967, The crystal structure of
Naln(8iO,),: Acta Chem. Scand., v. 21, p. 1425-1429.

3R, L. Freed and D. R. Peacor, 1967, Refinement of the ecrystal
structure of johannsenite: Am. Mineralogist, v. 52, p. 709-720.

% D, R, Peacor, 1967, Refinement of the crystal structure of a pyroxene
of formula M;M;; (SiisAlos)Os: Am. Mineralogist, v. 52, p. 3141,

# R. D. Shannon and C. T. Prewitt, 1968, Effective ironic radii in
oxides and fluorides [abs.]: Am, Cryst. Assoc. Ann, Mtg., Tueson, Ariz,,
1968, Program.
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northern New York. Schists from the Arnold pit, for
example, contain two primary clinoamphiboles; one is
tremolite having the composition

Cay.4eMny 20 Feg 0aMgs 1551502 (OH,F).

and the other is a clinoamphibole with the unusual
space-group symmetry P2,/m having the composition

Cag2:Mn, g F eo.osMga.mSistz ( OH,F) 2

The tremolite and P2,/m clinoamphibole show thin

(101) exsolution lamellae of P2,/m clinoamphibole and
tremolite, respectively. This unmixing is interpreted as
due to continuous cooling of the schists, uninterrupted
by other metamorphic events.

Much more complex textures are observed in am-
phiboles from metamorphosed iron formations, Ruby
Mountains, western Montana, and from metamorphosed
volcanic rocks from near Orange, Mass., and Richmond,
N.H. The rocks from the Ruby Mountains contain very
complex intergrowths of actinolite with P2,/m clino-
amphibole or cummingtonite. Amphibole grains from
one sample are composed of a pleochroic green actino-
lite containing nearly colorless lamellae, ranging in
thickness from 1p to 100p of P2,m clinoamphibole
oriented parallel to (101) and (100) of actinolite. The
two amphiboles are present in nearly equal amounts, so
it is immaterial which amphibole is called the “host”
phase. Many grains show large homogeneous patches
of a single amphibole. Approximate compositions of
the actinolite and P2,/m clinoamphibole are

Cﬂl.sMga,aFeLsSigOzg (OH) 2
and

Cao.zMgs.aFeaASistz (OH) 2

respectively.

The intricate pattern of lamellae of various thickness
oriented parallel to (101) and (100) of the “host,” and
patchy intergrowths of calcium-poor and calcium-rich
clinoamphiboles suggest that thin (101) exsolution
lamellae are the first to form, that these lamellae then
thicken by diffusion parallel to ¢ and by coalescence of
adjacent (101) lamellae through the formation of re-
peated secondary (100) lamellae, and that a nearly
complete intragranular recrystallization occurs when
(101) and (100) lamellae coalesce into large homoge-
neous patches of a single phase. The most important
factor in controlling the recrystallization process is
probably the cooling kinetics. Chemical changes such as
change in oxidation potential may also be important.
According to K. W. Shaw and H. L. James the complex
textures seen in the Ruby Mountains amphiboles may be
related to the complex metamorphic history of the rocks.

Clinoamphiboles from the Richmond area of New
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Hampshire (H. W. Jaffe and others ) show very ir-
regular intergrowths of hornblende with cummington-
ite or P2,/m clinoamphibole. The composition may
vary continuously from nearly 100-percent hornblende
to 100-percent calcium-poor clinoamphibole across a
single grain. In addition to the submicroscopic inter-
growth of hornblende and a second amphibole, very fine
visible lamellae of calcium-poor amphibole in Forn-
blende and of hornblende in calcium-poor P2,/m clino-
amphibole or cummingtonite are present in many grains.

These observations indicate that amphiboles of the
tremolite-ferroactinolite series and also certain Iorn-
blendes often have a chemical composition such that the
large M4 cation positions are not fully occupied by cal-
cium or sodium. Some of the smaller metal atoms such
as Fe, Mn, and Mg must enter the M4 position. This
atomic configuration is stable at high temperature but
becomes unstable at lower temperatures, and a phase
rich in Mn, Fe, or Mg exsolves. This phase may be
either cummingtonite or grunerite with 02/m space-
group symmetry or the P2;/m clinoamphibole. Con-
versely, cummingtonite-grunerite amphiboles or P2;/
m-~type amphiboles slightly enriched in calcium may ex-
solve from a calcium-rich amphibole such as tremolite
or hornblende. If the rocks cool at a very slow rate or
if there is a second metamorphic event, lamellae may
coalesce into homogeneous patches of one amphibole,
giving textures such as those seen in the Montana, Massa-
chusetts, and New Hampshire rocks.

Crystal structure of clinoamphibole analog of pige~nite

The crystal structure of a clinoamphibole analog of
pigeonite with P2,/m symmetry has been solvel by
J. J. Papike, Malcolm Ross, and J. R. Clark (r2170).
This phase, originally described by M. G. Bown,*
has been identified by Ross and others (r0879) in the
following metamorphic rocks: (1) talc-amphibole
schists, Gouverneur mining district, New York; (2)
metamorphosed iron formations, Ruby Mountains,
Mont.; (3) metamorphosed Wabush Iron Formstion,
Labrador, Canada; (4) Eiksundsdal Eclogite Complex,
Hareidlan, Sunnmgre, Norway; and (5) high-grade
metavolcanics, Richmond, N.H. Although this clino-
amphibole is usually present only as fine lamellae in a
calcic amphibole host, a pure P2,/m phase was identi-
fied in talc-amphibole schists from Taleville, N.Y., and
has the composition

Cao.srMn, 15F €0 0sM 2540515022 (OH, F') ..
The P2,/m clinoamphibole and 02/m cummingtonite

3 H. W. Jaffe, Peter Robinson, Cornelis Klein, Jr., 1968, Exsclution
lamellae and optic orientation of clinoamphiboles: Science, v. 160, no.
3829, p. T76-778.

3 M. G. Bown, 1966, A new amphibole polymorph in intergrowth with
tremolite : Clino-anthophyllite? [abs.] : Am. Mineralogist, v. 51, p. 259.
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have very similar unit-cell dimensions and compositions.
Therefore, it is virtually impossible to identify one
from the other except by single-crystal X-ray tech-
niques. Extra weak reflections violating the C2/m sym-
metry of cummingtonite are found in the P2,/m phase.
Approximately 2,000 reflections, 500 violating C2/m
symmetry, were measured on a crystal from the Talc.
ville, N.Y., sample using an automated single-crystal
diffractometer. The data show that this P2,/m clino-
amphibole crystal structure is much more distorted than
the 02/m cummingtonite structure. The P2,/m amphi-
bole contains two independent tetrahedral chains
composed of two symmetry-independent tetrahedra,
whereas the 02/m cummingtonite structure contains
only one kind of tetrahedral chain composed of two
independent tetrahedra. The individual octahedra and
tetrahedra show greater distortions in the P2,/m struc-
ture than in cummingtonite. The lowering of the sym-
metry from C2/m to P2,/m is due largely to the occu-
pancy of the M4 site. The P2,/m amphibole contains sig-
nificant amounts of calcium, manganese, and magnesium
in the M4 site. The coordination requirements of these
cations differ significantly, and the lower symmetry re-
flects the distortions necessary to coordinate the dis-
ordered M4 cations. P2,/m clinoamphiboles are thought
to be either phases with a higher temperature-stability
field than those of the cummingtonites, or metastable
phases resulting from cooling of calcium-enriched cum-
mingtonites.
Crystal-chemical role of potassium and aluminum in a
hornblende of proposed mantle origin

A highly potassic and aluminous hornblende,

(Nao,6Ko.4) (Cay ¢Nag 3) (Mg, sFejiFes iTif$Al, ;)
Sig, oAl O23(OH),

associated with pyrope and augite in a voleanic breccia,
Kakanui, New Zealand, has been studied by J. J. Papike
and J. R. Clark (r2157). This material was proposed
by Mason # as having been derived from the lower crust
or upper mantle, and it provides an opportunity to
study the crystal-chemical roles of potassium and alu-
minum in a natural phase formed at high temperature
and pressure.

Bond distances for the refined crystal structure indi-
cate some fractionation of aluminum between the 2 in-
dependent tetrahedral sites with approximately 38 per-
cent Al and 62 percent Siin T'(1),and 12 percent Aland
88 percent Si in T'(2). Although the aluminum-rich
tetrahedra are large relative to pure silica tetrahedra
(average T-O distance of 1.655A compared to 1.626A),

“ Brian Mason, 1966, Pyrope, augite, and hornblende from Kakanui,

New Zealand : New Zealand Jour. Geology and Geophysics, v. 9, no. 4,
p. 474-480.
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the ¢ unit-cell parameter for this aluminous I ~rnblende
is only 0.01A larger than for glaucophane (Papike and
Clark, r2157) which has no tetrahedral aluminum. This
constant ¢ axial length is maintained by kinliing of the
double chains of hornblende relative to glaucophane.
A measure of this kinking is given by the angle between
bridging oxygens along the chain, O(5)-0(6)-O(5).
This angle is 162°50’ in the hornblende compared to
170°50” in glaucophane.

The electron density contributed from the sodium
and potassium atoms in the amphibole A site is smeared
out and can be interpreted in terms of pos‘tional dis-
order. The alkali atoms appear to occupy one of two
possible positions in space and time in the amphibole
structure. Bond distances from either of these 2 posi-
tions to the coordinating oxygens are reasonable (2.88A
average for the 9 closest oxygens and 2.77TA average for
the 7 closest oxygens). Thus the coordination of the
A-site cations in a clinoamphibole appears to be 7 or 9
fold, not 6 or 10 as has been previously thcught.

From the crystal-chemical standpoint, hornblende is
a logical phase to accomodate potassium at depth in the
earth, and tetrahedral aluminum may persist in this
phase because of the coordination requirements of
potassium.

Coexisting amphiboles from the blueschist facies

Four - pairs of coexisting calcic and sodic amphiboles
from the blueschist facies have been analyzed by G. R.
Himmelberg and J. J. Papike. Except for ranges in
the Mg/(Mg+Fe*?) ratio and Fe/(Fe+*+Al+Ti)
ratio, the sodic amphiboles are remarkably simi-
lar in chemical composition. The amount of calcium
that substitutes for sodium in the M4 position ranges
only from 0.19 to 0.21 ion per 23 oxygens. The calcic
amphiboles show a range in the Mg/ (Mg+ Fe) ratio,
a range in the silicon ion content (actinolite-hornblende
substitution), and a range in the Na/(Na--Ca) ratio
(glaucophane-calcic amphibole substitution). Three of
the calcic amphiboles contain less than 1.5 calcium ions
per formula unit, which is a result of sodium substitu-
tion in the M4 position. The Na/(Na+Ca) ratio in-
creases as the amount of silicon ion decreases indicating
that the solid solution of glaucophane in hornblende is
greater than the solid solution of glaucophane in actin-
olite. Single-crystal X-ray diffraction studies show that
a and b unit-cell parameters of the calcic amphiboles
decrease with increased sodic amphibole in solid
solution.

An ordering model for alkali feldspars

D. B. Stewart and P. H. Ribbe (Virginia Polytech-
nic Institute) have found that the unit-cell dimensions
of sodium feldspar vary with Al/Si order in a single
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way which shows two recognizable stages similar to
those found in potassium feldspars. One consequence
is that all the unit-cell dimensions of albite can be as-
sessed from a measurement of the 131-131 separation.
From the measurements of MacKenzie,** the equilib-
rium separation of 131-131 is known as a function of
synthesis conditions. The ordering model being devel-
oped allows the structural states of sodium and potas-
sium feldspar to be correlated by means of their b and ¢
unit-cell dimensions. It also accounts for the observed
overlap of monoclinic and triclinic feldspars on a plot
of the b and ¢ axes, and the observed lower structural
state of sodic alkali feldspars than coexisting potassic
feldspars, as well as the variation of unit-cell dimensions
with temperature.

MINERALOGY OF SULFIDES

Color and iron content in sphalerite

Edwin Roedder and E. J. Dwornik have investigated
the puzzling problem of the cause of color in sphalerite
by making electron-probe analyses of individual bands
in a “colloform” specimen from Pine Point, Northwest
Territories, Canada. Although it is generally assumed
that iron is the major colorant, and sphalerite from
many magmatic hydrothermal-ore deposits has a color
that is related to its iron content, sphalerite from the
Mississippi Valley-type deposits seems to be far darker
than the apparently low iron and other trace-element
contents would warrant. The Pine Point sphalerite
analyses show that the iron content varies among bands,
from 0.2 to 2.9 percent Fe, but that no correlation
exists between iron content and color, in that low iron
values are found in bands covering the entire gamut
from colorless through yellow, orange, red, and red
brown to black. The high iron values occur as very thin
zones, parallel the color bands but are not specifically
recognizable in them, and are limited to light yellow or
tan bands. The cause of the color is unknown, but slight
deviations in stoichiometry may be responsible. The
problem of the cause of the color in any given sphal-
erite, although obviously complex, may well be of more
than academic interest, in view of the possible light it
might shed on the environment and, hence, causes of ore
deposition.

Primary Fe-Ni-Cu sulfides in eclogite nodules

G. K. Czamanske and G. A. Desborough (r2156) have
found that rounded eclogite nodules from the Roberts
Victor diamond mine, South Africa, contain poly-
mineralic sulfide aggregates included in the garnet,
omphacite, and phlogopite grains. Electron-microprobe

4 W. 8. MacKenzie, 1967, The crystalline modification of NaAlSizOs:
Amer. Jour. Sci., v. 255, p. 481-516.
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analysis of the major sulfide phases gives the following
compositions: (Fe,Ni);S,, 2.7 wt percent Ni (a new
mineral) ; (Fe,NisS,), 20 wt percent Ni; FeS, (pyrite) ;
and CuFeS, (chalcopyrite). It is suggested that these
sulfides represent an immiscible sulfide liquid vhich
solidified as a single phase and unmixed during cooling.

NEW-MINERAL DATA

A new magnesium stannafe and calcium
vanadium silicate
G. T. Faust has discovered a new magnesium hexa-
hydroxylstannate, MgSn(OH),, from the tin deposit
at Brooks Mountain, Seward Peninsula, Alaska.
Cavansite, Ca(VO) (Si,0,0)*6H,0, was discovered
by L. W. Staples (Univ. of Oreg.), H. T. Evans, Jr,,
and J. R. Lindsay at two Oregon localities. The new
mineral is found in veinlets closely associated with
calcite, heulandite, and thomsonite. It occurs as blue
radiating clusters up to 25 mm in diameter and in single
crystals up to 0.2 mm long.

Leadhillite and susannite, polymorphs of
Pb(SO,)(CO,;}{OH),

Results of single-crystal X-ray and optical investiga-
tions carried out by M. E. Mrose on leadhillite and
susannite indicate that these two minerals are the mono-
clinic and rhombohedral dimorphs, respectively, of
Pb,(S0O,) (COs).(OH),. Observations recorded in the
literature indicated that leadhillite, which has a
27 ~10° at room temperature, becomes uniaxial at about
125°C and remains so upwards of 250°C. This phenom-
enon has been corroborated in this study for speci-
mens of leadhillite, in the temperature range 125°C to
250°C. Single-crystal X-ray photographs of a fragment
of leadhillite from Tsumeb, South West Africa, taken
first at room temperature and then at 200°C showed
that a transformation to the uniaxial polymorph, ssan-
nite, had taken place. After the heated leadhillite frag-
ment (=susannite) had been allowed to cool, an 2"-ray
photograph was again taken and showed that the frag-
ment had reverted upon cooling to leadhillite, support-
ing the optical observations that had been made. The
heating experiments with leadhillite further incicate
that leadhillite and susannite are the low- and high-
temperature polymorphs, respectively, of Pb,(SO.)
(CO;).(OH),. The results of the studies further
establish that susannite is a valid mineral species.

PROTODOLOMITE IN ECHINOIDS

Protodolomite has been identified in the teeth of two
species of echinoids from Bermuda by J. H. Schroeder
(George Washington Univ.), E. J. Dwornik, and J. J.
Papike. The composition of the teeth, as determined by
electron probe, is highly variable with the most magne-
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sium-rich carbonates (~46 mole percent MgCO;) being
concentrated near the medial ridge. The medial ridge
was removed from the tooth and studied by powder and
single-crystal X-ray diffraction techniques. These
studies confirmed the magnesium-rich nature of the
carbonate and further demonstrated that the phases
were disordered. This is the first report of protodolomite
in biogenic material.

VOLCANIC ROCKS AND PROCESSES
BASALTIC AND ULTRAMAFIC ROCKS

Marine volcanic rocks

A. E. J. Engel and C. G. Engel, in a continuing study
of basalts of the ocean basins, find that the oldest
volcanoes and related crustal segments in the Pacific
Ocean are in the central and western areas, where rocks
as old as late Jurassic have been recorded. Volcanoes
along the East Pacific rise, in contrast, appear to be
less than 10 m.y. old. New dredge samples from three
widely separated fault scarps in the Pacific substantiate
the Engel’s earlier conclusion #* that tholeiitic basalt is
the predominant rock of the so-called “second layer”
of the Pacific Ocean crust.

J. G. Moore and Arthur Grantz, representing the
U.S. Geological Survey in an international cooperative
program with the University of Baja California School
of Marine Sciences and the U.S. Coast and Geodetic
Survey, participated in a dredging and ocean-bottom
photography cruise aboard the ESSA (Environmental
Science Services Administration) ship Surveyor in the
Islas Revillagigedo area, 200 miles south of the tip of
Baja California. Preliminary results show that the sub-
marine part of the San Benedicto Island voleanic mass
is made largely of pillow lavas of the alkalic suite. The
island rocks are dominantly young differentiated sodic
trachytes and sodic rhyolites, which are confined to the
central, top part of the voleanic mass. Studies of fossils
and of the vesicularity of lavas dredged from a sub-
marine rift zone north of San Benedicto indicate that
the entire volcano has submerged probably more than
3,000 feet in the last few million years.

J. G. Moore also joined J. G. Schilling and D. C.
Krause (both of the Univ. of Rhode Island Graduate
School of Oceanography) aboard the RV Zrident in a
a similar dredging and photography study of the Reyk-
janes Ridge, a segment of the mid-Atlantic Ridge south
of Iceland. Abundant fresh pillow basalts were col-
lected in a narrow zone near the median valley of the
ridge. Astonishingly few glacial erratics were found,
suggesting very young voleanic activity along the crest
of the ridge—a conclusion also supported by prelimi-

“2A. E. J. Engel and C. G. Engel, 1963, Basalts dredged from the
northeastern Pacific Ocean: Science, v. 140, p. 1321-1324.
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nary age estimates based on the thickness of the pala-
gonite rind on basalt pillows. In contrast, altered pil-
lows and metamorphosed volcanic rocks, including two
separate hand samples of “greenstone” witl" dissemi-
nated native copper, were dredged from the flanks of
the ridge.

Chemical differentiation studies

As part of a general study of chemical differentia-
tion of volcanic rocks, A. T. Anderson has found that
reduction of iron-titanium oxides is an important mag-
matic process in alkalic and tholeiitic basalts. Electron-
microprobe analyses of titaniferous magnetite and fer-
rian ilmenite phenocrysts in tholeiitic basalt from
Kilauea, Hawaii (eruption of 1955), and from the
alkalic basalt from Tristan de Cunha, South Atlantic,
show similar changes in their Fe,O;/FeO ratios, indi-
cating a reduction of iron from core to rim. These
changes are presumed to result from reaction with a
relatively reducing liquid prior to or during eruption
either by settling of the phenocrysts into ¢ reducing
zone of the magma or by reduction of the entire magma
by change in its bulk composition.

Anderson and L. P. Greenland also have found that
phosphorus fractionation provides a means of directly
measuring the amount of crystallization of basaltic
liquids. Neutron-activation and electron-microprobe
analysis of phenocrysts and groundmass of Hawaiian
basalts yields phosphorus-fractionation factcs that in-
dicate that more than 95 percent of the total phosphorus
remains in the liquid during crystallization. Conse-
quently, the proportional increase in phosphorus ap-
proximately equals the inverse of the mass fraction of
the liquid remaining. The proportional increase in
phosphorus thus provides a basis for quantitative com-
parison of the variation of major and minor elements
during crystallization. Other measures of crystallinity,
such as the mafic index, do not permit such a compari-
son because they are affected by changes in composition
during crystallization of basaltic liquids.

Sulfide minerals in basalt

In a joint investigation of the mineralogy of sulfides
in Holocene tholeiitic basalts from Kilauea Volcano,
G. A. Desborough, A. T. Anderson, and T. L. Wright
have found polymineralic grains of pyrrhotite, cuban-
ite, and magnetite that have unmixed frcm sulfide-
oxide immiscible liquids. Determination of t'> composi-
tion of the coexisting sulfides indicates sulfide equilib-
rium temperatures below about 700°C.

Xenoliths

E. D. Jackson has found coarse-grained xenoliths of
layered feldspar-bearing cumulations in all the Hawai-
ian lava types, and these indicate that floored chambers
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existed beneath the central areas of the Hawaiian vol-
canoes during much of their eruptive history. The phys-
ical properties of these layered cumulations are com-
patible with observed geophysical properties of crustal
material under the voleanic shields. In addition to the
cumulations, xenoliths of highly deformed and (or) re-
crystallized dunite, lherzolite, wehrlite, and garnet peri-
dotite are found in alkalic basalt and nephelinite. The
textures, structures, mineral assemblages, and physical
properties of these xenoliths suggest that they are frag-
ments of subcrustal rocks, and that the upper mantle
under the Hawaiian ridge is heterogeneous either geo-
graphically or at depth. In addition to providing direct
samples of deep-seated rocks of the oceanic crust and
mantle, the xenoliths place some limits on the depths
of generation of Hawaiian magma types. Seismic data
place the origin of tholeiitic magma as deep as 60 km,
and the presence of subcrustal fragments in alkalic
basalt and nephelinite would require a mantle origin
for these magmas as well.

B. C. Hearn, Jr. (r0827), has found garnet peridotite
inclusions in a monticellite peridotite dike associated
with diatremes in north-central Montana. He has pre-
sented evidence that the inclusions are of deep, probably
mantle, origin, and concluded that there is a substantial
source of calcium, sodium, potassium, and gas (partly
carbon dioxide) in the mantle.

Minor elements in tholeiites

David Gottfried has examined the abundance and
variation of Nb, Ta, Zr, Hf, Th, U, and Cs in two
differentiated diabase-granophyre series, one near Dills-
burg, Pa., and the other in Tasmania, Australia (the
Great Lake sheet). Both series represent the continental
tholeiitic magma type. The abundance of Th, U, and Cs
is significantly higher than reported for tholeiites of
the Pacific and Atlantic Oceans. Elements with smaller
ionic radii, such as Zr, Hf, and Nb, appear in some
samples to be more abundant in the oceanic tholeiites
than in the continental type.

SILICIC VOLCANIC ROCKS

Volcanic cycles recognized

R. L. Smith and R. A. Bailey, in a preliminary syn-
thesis of petrologic, structural, and chronological data
from the Jemez Mountains volcanic field, north-central
New Mexico, have discovered cyclic progressions in the
volume and composition of erupted rocks that may have
important implications on the relation of volcanism
to tectonics. They recognize three major voleanic cycles
in the Jemez Mountains, each beginning with basalt and
ending with rhyolite and each showing a progressive in-
crease in relative volume of intermediate and silicic rock
types as well as a progressive increase in total volume.
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The successive cycles also show a progressive increase
in duration: the first lasting 1 to 2 m.y., the second 3
to 4 m.y., and the third 7 to 8 m.y. Thus, progressively
longer times were required to produce successively
greater total volumes of lava and greater relative vol-
umes of silicic rock types.

Furthermore, progressive northeastward en echelon
migration of the eruptive loci of the successive cycles,
together with evidence for progressively shallower
magma chambers for each cycle, suggests an intimate
relation between the changing volume and compo=ition
of the cycles and tectonics. It seems likely that te~tonic
activity controls the longevity and the degree of mag-
matic evolution of the cycles and of the volcanic fi~ld as
a whole. The relations suggest that rate (geoclrono-
logical) studies of volcanic fields may be an invaluable
tool in studying the tectonic history of volcanic areas.

Eruptive history of Bishop Tuff

M. F. Sheridan is mapping and studying the eruptive
history of the Bishop Tuff, a silicic ash-flow sheet of
Pleistocene age originating from the Long Valler Cal-
dera, Mono County, Calif. He finds that the tuff was de-
posited during three eruptive episodes, each of which
consisted of a series of successive ash flows. In Owens
Gorge, near the source area, the sheet consolidated as a
compound cooling unit; in Fish Slough, near its distal
part, the sheet consolidated as separate overlapping
cooling units. Chemical analyses of successively l'igher
units in the sheet show a decrease in SiO, of 77 to 75
weight percent and an increase in total alkalies of 7.0
to 8.2 percent. The chemical changes presumably re-
flected a chemical gradient in the original magma
chamber.

INVESTIGATIONS AT THE HAWAIIAN
VOLCANIC OBSERVATORY

After more than 22 months of continuous inf'ation,
Kilauea erupted on November 5, 1967, from Halemau-
mau, the 550-foot deep crater within the summit caldera
of the volcano. The eruption is very steady, and remi-
niscent of the traditional Kilauean activity that per-
sisted in Halemaumau during most of the 1800’s and
during the first 24 years of this century. At thi~ time
(May 1968), the eruption is continuing.

Pre-eruption deformation studies during 1967

The pre-eruption inflation of the summit of Kilauea
was monitored by a greatly stepped-up program of pre-
cise leveling, measurement of ground tilt, and geo-
dimeter measurement of horizontal deformation. The
center of uplift, as determined by leveling and tilting,
continued to change its geographical position within the
summit caldera, just as it did during 1966, In the brief
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span of 1 week in February 1967, for example, the cen-
ter of uplift abruptly shifted from a point about 1 km
southeast of Halemaumau to another point south or
slightly southwest of Halemaumau. Throughout the re-
mainder of the infilationary period, the center of uplift
continued its wandering. Repeated leveling surveys
showed clearly, however, that the wandering was not a
continuous process—the shifts occurred abruptly, in
the span of 1 or 2 weeks, whereas during the interven-
ing periods of repose the center of uplift remained es-
sentially stationary. The pre-eruption uplift recorded
during 1967 totaled about 44 cm.

Analysis of the vertical and horizontal deformation
suggests that a magma reservoir lies at a depth of 2 to
3 km below the surface. The shifts in the center of the
uplift indicate, however, that this reservoir was filled in
a complex manner. Rather than a simple chamber, the
Kilauean magma reservoir is regarded as a plexus of
sills, dikes, and other intrusive bodies, and the wander-
ings of the center of uplift suggest that successive re-
gions within this plexus are injected in a certain suc-
cession as the overall inflation proceeds.

The eruption

Lava first broke through to the surface at 2:30 a.m.
on November 5, 1967, near the center of Halemaumau.
The vigorous first stage of the eruption lasted only 23
hours, but in this brief span about 18 million cu yd of
basalt lava poured into the crater, forming a lava lake
103 feet deep. After 3 days of quiescence and drainback,
periods of intermittent activity began and continued
throughout the remainder of 1967. These periods of ac-
tivity lasted from 6 to 36 hours and were separated by
periods of inactivity and drainback lasting from 20 to
about 55 hours. This start-and-stop activity was not ac-
companied by spectacular lava fountains, but the inter-
mittently upwelling lava built an active lava lake nearly
1,000 feet in diameter near the center of Halemaumau.
Overflows from this lake repeatedly added lava to the
outer floor of Halemaumau, and the pit was gradually
filled at a rate of about 1 foot per day. By the end of
1967, a total of about 40 million yards of new lava had
poured into Halemaumau.

Deformation studies continued during the eruption.
The short-base tiltmeter near the volcano observatory
showed 12 microradians of inward tilt of the summit as
the 23-hour first stage of the eruption proceeded. Sub-
sequently, periods of inactivity were characterized hy
a gradually rising tilt and periods of activity by a
rapidly falling tilt. These up and down tilts had an
amplitude of only several microradians, but clearly
the summit of Kilauea was detectably “breathing” as
the intermittent activity continued.

Precise leveling and geodimeter measurements of
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horizontal deformation have shown that, since the erup-
tion began, the summit bulge has contracted less than
10 percent of the total inflation that took place since
the eruption and collapse of December 1965. Clearly
the magma reservoir lying beneath the summit of the
volecano remains virtually filled.

Seismic acfivity

R. Y. Koyanagi reports'that several tens of thousands
of earthquakes were recorded in Hawali during 1967.
As in previous years, the largest concentratior of earth-
quakes was beneath Kilauea and Mauna Los. Most of
the events originated from shallow sources (<10 km),
and a moderate number of deeper earthquakes origi-
nated from a source about 30 km beneath the Kilauean
summit.

Many thousands of smaller events (magnitude <2.0)
have accompanied the current Halemaumau eruption,
and probably thousands of others have not been de-
tected because many seismograms have beer obscured
by harmonic tremor.

Drilling program in Kilavea lki

R. S. Fiske reports that 3 holes were drilled into the
crust of Kilauea Iki lava lake to depths of 89, 98, and 87
feet, and more than 90 percent of 21/ -inch-diameter core
was recovered. Two holes in the northern p~rt of the
lake encountered large quantities of foundeved crust,
some of which was thermally metamorphosed to a rock
with hornfelsic texture. Locally this crustal material
was partially remelted. The third hole, drille1 near the
center of the lava lake, passed through some foundered
crust in the upper 40 feet, but the lower 47 feet of the
hole penetrated more homogeneous rock that was prob-
ably representative of normally cooled basalt. All three
holes penetrated molten segregation veins of crystal-
poor melt near the base of the crust, but none of the
holes entered true melt.

Studies in Makaopuhi and Alae lava lakes

T. L. Wright reports that continuing leveling studies
on the crust of Makaopuhi lava lake have showed a de-
crease in the rate of subsidence, although lete in 1967
the central part of the lake began to rise. Elec*ron-probe
studies by P. W. Weiblen and Wright on previously
collected drill core has demonstrated the first appear-
ance of a low-calcium pyroxene (pigeonite) and docu-
mented a second generation of iron-rich clivine. No
drilling was donein Makaopuhi in 1967.

A single-level survey in mid-1967 of the surface of
Alae lava lake suggests that local inflation of a region
southwest of Makaopuhi resulted in the tilting of
the entire Alae surface. Superimposed on this deforma-
tion is a pattern of subsidence related to the continuing
cooling of the lake. A maximum temperature of 90°C
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was recorded from the central part of the lake; this
compares with a maximum temperature of 500°C re-
corded in 1966.

Improvements in volcano monitoring techniques

Techniques for leveling, tilting, and geodimetering
were greatly improved during 1967, and these improve-
ments are perhaps the chief reason why the detailed
program of deformation monitoring could be carried
out. Two leveling crews are routinely fielded at the same
time, equipped with high-speed pendulum-type levels
and standard yard rods. Most turning points along the
leveling lines have been marked by nails, and the posi-
tion of each instrument setup has been permanently
marked. By using these techniques, more than 22 miles
of continuous profile can routinely be run in only 2 days.

Measurement of ground tilt with long-base tiltmeters
has been greatly speeded up by burying the hose lines
between the piers of each station and by reading all
three tiltmeters simultaneously. As a result, measure-
ments of ground tilt can now be made at any time of
the day or night, and the time required for a complete
measurement is now about one-fourth of what it used
to be.

Five new seismic stations have been added to the
existing network on the island of Hawaii. These and
all of the preexisting stations of the summit network
are telemetered to the observatory, where the signals
are automatically recorded on a 16-mm movie film by
a Develocorder. Records of this type make it possible
to locate earthquakes rapidly, and the problem of data
storage has been substantially reduced by the compact-
ness of the film records.

PLUTONIC ROCKS AND MAGMATIC PROCESSES

Distribution and significance of radioactive elements in
Boulder batholith region

Determination of Th, U, and K in about 150 igneous
rocks collected by R. I. Tilling from the Boulder batho-
lith region, western Montana, indicates that, in general,
Th and U contents increase with increasing SiQ, and
with decreasing CaO/ (Na,O+K.O). Prebatholith vol-
canic rocks (the Elkhorn Mountains Volcanics of Late
Cretaceous age and correlatives) vary in Th, U, and K
contents from one outcrop area to another: the rocks
in 2 areas commonly contain 2.4 to 2.6 percent K, 6.1 to
6.6 ppm Th, 2.1 ppm U, and have a Th/U ratio of 3.2
to 3.6; the rocks in a third area contain 8.5 percent K,
16.6 ppm Th, 3.7 ppm U, and have a Th/U ratio of 4.2.
The older (and more mafic) rocks of the batholith (also
of Late Cretaceous age) commonly contain 6.2 to 11.0
ppm Th and 1.5 to 3.4 ppm U, whereas the younger
(and more felsic) rocks generally contain 15.7 to 36.3
ppm Th and 4.0 to 9.2 ppm U. The average Th/U ratio
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of the batholith rocks ranges from 4.0 to 5.8 and shows
no apparent correlation with rock composition or posi-
tion in the intrusive sequence. The average radioelement
content of the batholith, weighed according to abun-
dance of constituent rocks, is 3.3 percent K, 15.4 ppm Th,
and 3.9 ppm U. Postbatholith volcanic rocks (the Low-
land Creek Volcanics of early Eocene age and post-
Lowland Creek rocks of Miocene or Pliocene age) have
Th, U, and K contents comparable to those in sore of
the younger batholithic rocks.

As in the Sierra Nevada batholith, the observed heat
flow (2.2ucal/cm?sec) in the Boulder batholith iz far
less than it would be if the heat-producing elerients
were uniformly distributed through the crust, which
seismic data indicate is about 45 km thick here. This
indicates that U, Th, and K must diminish in sbun-

dance with depth.

Low-level-gold analyses of plutonic rocks

Preliminary neutron-activation analyses have been
made for gold in 24 samples of plutonic rocks from the
southern California, Sierra Nevada, and Boulder batho-
liths. The analyses were made by H. T. Millard, Jr., and
J. J. Rowe on samples collected by David Gottfried,
R. I. Tilling, and F. C. Dodge. The variation in gold
content for eight samples from each of the batholiths is
as follows:

Range (ppb) Avg (ppb)
Southern California_____._________ 0.2-4.9 1.
Boulder _____ 4-3.3 11
Sierra Nevada_____ - 3-55 14

No correlation is evident between -gold content and the
concentrations of other constituents in the samples.

Radiometric dating of plutonic events

Apatites separated by F. C. Dodge from rocks col-
lected from several plutonic units within a wide strip
across the central Sierra Nevada and Inyo Mountains,
eastern California, have been dated by C. W. Naeser
using the fission-track method. The fission-track ages
range from 73 to 111 m.y., and are oldest on both fanks
of the batholith. Ages of apatites from rocks coll~cted
from the eastern escarpment of the Sierra Nevada are
independent of the observed intrusive sequence, but can
be correlated with sample elevation. Samples from
higher elevations generally yield older apatite ages. For
example, samples collected at the following elevations,
and their respective fission-track ages, are: 11,520
feet, 91 m.y.; 10,560 feet, 88 m.y.; 8,320 feet, 81 m.y.;
6,400 feet, 76 m.y.; and 5,400 feet, 78 m.y. The critical
temperature for retention of fission tracks in apatite
within geologically reasonable lengths of time (>1
m.y.) is 150°C or less. Thus, the fission-track dates
reflect the later cooling history of the rocks, which is
believed to be closely dependent on uplift and erosion.
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The fission-tract data suggest a minimum average up-
lift of 340 feet per m.y. that was maintained for at least
18 m.y.

Alkalic plutons and diatremes of northern Okanogan
Highlands, Wash.

Investigations by C. D. Rinehart and K. F. Fox, Jr.,
in the northern Okanogan Highlands, north-central
Washington, reveal that malignites and nepheline sye-
nites (Kruger alkaline rocks of Daly ) fringing the
eastern half of the Similkameen batholith grade to
granodiorite in the core of the batholith. This relation
indicates that the alkalic rocks are either differentiates
or contaminated phases of the Similkameen magma, not
an earlier unrelated intrusion as postulated by Daly and
by Campbell.*

Five small diatremes lie within a 25-mile-long belt
that trends S. 70° E. from the Similkameen batholith.
The diatremes are oval in plan, half a mile to a mile
in longest dimension, and are intruded into Permian
and Triassic metavoleanic and metasedimentary rocks.
They contain cores of malignite similar to the Kruger
malignite, and are thoroughly brecciated and typically
are crosscut by narrow breccia and carbonatite dikes.
Limited exposures of the margins indicate that the
external contact of each diatreme is marked by a zone
of fragmented country rock that grades inward into
fenite and fenite breccia, and ultimately into the malig-
nite of the core. The fenite is a fine-grained potassic
nepheline-bearing metamorphic rock produced by re-
crystallization coupled with concomitant metasomatic
addition of alkalis and subtraction of silica.

Examination of geologic maps of adjacent British
Columbia, and limited reconnaissance, suggest that
the Olalla syenite-pyroxenite stock and the linear malig-
nitic border of the Oliver pluton could define a similar
parallel belt lying 15 miles north-northeast of the
“Similkameen Belt.” Neither of these belts is the site
of surface faulting; instead they may reflect composi-
tional or tectonic features of the lower crust or upper
mantle.

The following sequence of events is postulated: (1)
emplacement of Similkameen-type granodioritic magma
at depth along the Similkameen and Olalla-Oliver
lineaments, (2) concentration of an aqueous, potassic,
possibly carbon dioxide-rich residual melt after crys-
tallization of the bulk of the magma, (3) perforation of
the magma chamber and expulsion of part of the resid-
ual liquid, (4) fenitization of the rock lining the con-
duit to produce fenites, syenite, and malignite, (5)

“R. A, Daly, 1912, Pre-Cambrian formations in south-central British

Columbia [abs.]: Science, new ser., v. 31, p. 311; Geol. Soc. America
Bull. 23, p. 721.

#C. D. Campbell, 1939, The Kruger alkaline syenites of southern
British Columbia : Am. Jour. Sei., v. 237, no. 8, p. 527-549.
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settling of mafic minerals in the still-viscous upper
part of the magma, and (6) ultimate breaching of the
surface and violent emplacement, and possibly extru-
sion of malignite breccia.

intrusion temperature of a peridotite dike

Reflectance studies by J. B. Roen of ccke formed
adjacent to a peridotite dike in the Pittsburgh coal bed
of the Waynesburg-Oak Forest area of Pennsylvania
indicate the coal was subjected to temperatures ranging
from 802°C near the contact to 526°C half an inch
from the contact. Most of the coke was formed between
526°C and 604°C, temperatures in agreement with pre-
vious determinations by other methods involving large
amounts of coke. For example, Sosman* suggested
a temperature of 520°C = 30°C, and Clegg *® determined
a maximum of 600°C for the intrusion temperature
of peridotite dikes. Nevertheless, the 802°C determi-
nation close to the contact suggests the peridotite was
intruded at this temperature, which is about 200°C
higher than previously determined.

Subsolidus reactions in igneous rocks and minerals

The chemical composition of five biotites from the
Cartride Pass pluton, a zoned granitic intrusive of the
Sierra Nevada batholith, have been studiel by F. C.
Dodge and J. G. Moore. The major elements are pres-
ent in all the biotites in nearly the same amounts, where-
as the minor elements vary in abundance in accordance
with variation in the bulk chemical composition of the
enclosing rocks. The correspondence of minor-element
abundance in the biotites with the bulk chemical com-
position of the enclosing rocks is interpreted to indicate
that the biotites crystallized originally over a temper-
ature range comparable with variations in the temper-
ature ranges of crystallization of the enclosing rocks.
The approximately constant major-element. composition
of the biotites suggests reequilibration under conditions
of equal oxygen pressure, which could have resulted
from late buildup of water-fluid pressure throughout
the pluton.

L. P. Greenland, David Gottfried, and R. I. Tilling,
using neutron-activation analysis, have determined
the distribution of Mn between coexisting biotite and
hornblende for 80 mineral pairs from igneous rocks of
diverse provenance (including the southern California,
Sierra Nevada, Boulder, and Boulder Creek batholiths,
and the Jemez Mountains volcanic rocks).

The distribution ratios (A s=Mnuorabienas MDpiotite)
indicate that equilibrium distribution of Mn is closely
approached, though not completely attain~d, in most

4 R, B. 'Sosman, 1938, Evidence on intrusion-temperature of perido-
tites : Am. Jour. Seci., 5th ser., v. 254, p. 353-359.

# K, BE. Clegg, 1955, Metamorphism of coal by periiotite dikes in
southern Illinois : Illinois Geol. Survey Rept. Inv. 178, 18 p.



GEOCHEMISTRY, MINERALOGY, AND PETROLOGY

samples from plutonic environments. Comparison of &;
values of mineral pairs with the bulk chemical compo-
sition of the host rocks reveals no correlation. Because
the range of crystallization temperatures generally
varies with rock composition, the lack of correlation of
rock composition with K, values suggests that the
equilibrium distribution of Mn between biotite and
hornblende reflects exchange at subsolidus temperatures
rather than at primary crystallization temperatures.
This interpretation is supported by the fact that the
highest K; values are from voleanic rocks, in which
rapid quenching has prevented subsolidus redistribution
of Mn.

DISTRIBUTION OF ELEMENTS

Investigations in sampling methods for geochemistry

A. T. Miesch, J. J. Connor, and R. R. Tidball have
devised a general procedure for estimating the propor-
tion of total variability of a geochemical constituent in
a rock body that may be described by sampling at a
given interval. Application of the procedure leads to
improved efficiency in geochemical sampling. The
procedures have been applied in studies of several Cam-
brian and Ordovician rock units in the western United
States, the Fountain Formation of Pennsylvanian and
Permian age in eastern Colorado, and selected Paleo-
zoic sequences as well as soil and vegetation units
in Kentucky. The procedures involve hierarchical
sampling schemes, analysis of variance techniques, and
construction of curves showing the proportion of vari-
ance lost with each increase in the sampling interval.
Results indicate that frequently sampling intervals
selected intuitively may be inefficient and may be in-
creased severalfold with no significant reduction in the
proportion of the total variation that may be described.

In application of the procedures described above to
geochemical surveys of selected rock, soil, and plant
units throughout Kentucky, J. J. Connor and R. R.
Tidball have found that most geochemical variation is
local in character. Regional components of variation
are generally small and are so masked by the local
variability that impractically large numbers of samples
would be required to describe them. There are, however,
some notable exceptions. The silica, alumina, potash,
and gallium contents of Pennsylvanian sandstones, for
example, display strong regional variation across the
State. Other rock units examined include Mississippian
sandstones, two units of Mississippian limestones, and a
black-shale unit that includes the Chattanooga, New
Albany, and Ohio Shales. Soil and plant units, also ex-
amined across the major part of the State, consist of
Red-Yellow Podzolic soils and oak and hickory trees
growing on this type of soil.

318-835 O -68 - 8
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A previous application of the same procedures to a
geochemical study of the basal Cambrian sandstone of
the western United States by Miesch and Connor
shows that about half the total geochemical variakility
could be described by sampling clusters of stratigravhic
sections, the clusters spaced on the order of 100 miles
apart. Reduction of the interval between clusters to 10
miles would result in relatively little additional infor-
mation, as the comparative homogeneity of portions of
the sandstone in the 100-mile interval would cause a
large amount of sampling redundancy.

Application of the procedures to a study of the Foun-
tain Formation of Pennsylvanian and Permian age in
eastern Colorado has demonstrated that some chemical
constituents exhibit almost no regional variation over
a distance of about 150 miles. Other constituents, how-
ever, exhibit strong components of regional varistion
that could be described efficiently by sampling strati-
graphic sections spaced at intervals of about 20 miles
along the outcrop. A sampling interval of less than 15
or 20 miles would result in excessive sampling relun-
dancy. The results of this analysis are supported by
paleocurrent-direction investigations of Howard,** who
showed that the Fountain Formation consisted of coa-
lescing alluvial fans which have an average breadth of
about 20 miles in the area of their present outcrop.

Geochemical discriminant functions

J. J. Connor has applied techniques of discriminant-
function analysis to the problem of distinguishing be-
tween Mississippian and Pennsylvanian sandstoner oc-
curring in isolated outcrops in western Kentucky. A
number of discriminant functions have been derived
on the basis of chemical data and sandstones of krown
Mississippian and Pennsylvanian age. Although 26
chemical elements, including 14 minor elements, were
studied, only 6 have proved generally useful. These are
Cr, Ti, Al, Mg, Ni, and H,O+. The most efficient. dis-
criminant functions are curvilinear on a logarithmic
scale and can be used to classify unknown outcrops with
an accuracy of as high as 80 to 90 percent.

GEOCHEMISTRY OF WATER

The work of water in reshaping the face of the earth
involves many chemical-solution and precipitation proc-
cesses. Studies of the details of these processes so that
they can be better understood are essential to improving
methods of use and exploration for both water and min-
eral resources.

47 7.8. Geological Survey, 1966, Geological Survey Research 1966,
Chapter A : U.8. Geol. Survey Prof. Paper §50-A, p. A155.

# J. D. Howard, 1966, Patterns of sediment dispersal in the Fountain
Formation of Colorado : The Mountain Geologist, v. 3, no. 4, p. 147-153.



Al104

HYDROTHERMAL ORE DEPOSITS AND BRINES

Ore-depositing fluids derived from magma

Concentrations of Na, K, Ca, Mg, Zn, and Cu in
hydrothermal fluids responsible for the ore deposits at
Providencia, Mexico, have been determined by R. O.
Rye and Joseph Haffty in a study of the composition
of primary fluid inclusions in quartz, calcite, and
sphalerite.#® Analyses were made by Haffty using
atomic-absorption techniques on water leaches of
crushed inclusions that had previously been analyzed
for 8D and 80. The concentrations of most elements
vary over a considerable range, reflecting widespread
salinity differences in the hydrothermal fluids. These
salinity differences were either a result of pressure fluc-
tuations or of rapid change of chloride concentration
in the magmatic environment. Results agree very well
with conclusions based on an independent study of the
30® of the hydrothermal fluids. Both studies indicate
that the ore-depositing fluids were probably derived
from magma of the nearby Providencia granodiorite
stock. The K/Na ratios are in the range expected of
hydrothermal fluids derived from a magma of granitic
composition. Ca/Na ratios of the fluids support the
K/Na data. The Ca/Mg ratios of the fluids are quite
high, probably as a result of removal of Mg during
silication of limestone host rock. The ratios are con-
sistent with the general absence of dolomite at
Providencia.

Environments of generation of some base-metal ore
deposits

The origin and characteristics of the fluids of five
base-metal ore-forming systems have been reviewed by

D. E. White.®® Three are productive ore districts and

two are large active systems (Salton Sea, in southeast-

ern California, and Red Sea).
Major conclusions are :

1. Most hydrothermal ore deposits are formed by com-
plex rather than by simple processes; the water,
dissolved salts, metals, sulfide, and other critical
constituents of each deposit may be derived from
two or more sources.

2. The ore-bearing fluids of base-metal deposits are
Na-Ca-Cl brines that generally contain 5 to 40
percent dissolved salts.

3. Brines of similar major-element composition may
form in at least four different ways—magmatic,
connate, solution of evaporites followed by reac-
tion with sediments, and membrane concentration
of dilute waters.

4. The ratios of total dissolved sulfophile metals to
dissolved sulfide in the ore fluids may generally be

#® R. O. Rye and Joseph Haffty, in press, The chemical composition

of the hydrothermal fluids responsible for the lead-zine deposits at
Providencia, Mexico : Econ. Geology.
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very high, with the metals transported as chloride
complexes. Sufficient sulfide may be provided by
1 of 7 or more available mechanisms tc cause pre-
cipitation of metal sulfides at favorable sites.

5. Because of dissolved salts, the density of a brine is
normally higher than that of other ncar-surface
waters ; this has important consequences . especially
for syngenetic and early diagenetic ore deposits
and epithermal ore deposits, where at least-two
fluids of greatly differing densities are likely to
have been involved.

Salton Sea geothermal brine

D. E. White has revised estimates of the amount of
dissolved metals in 5 cu km of brine dispersed in 50 cu
km of the reservoir rocks of the Salton Sea geothermal
system of southeastern California.®® The revised
amounts include, in short tons: Fe 10 million, Mn 7
million, Zn 214 million, Pb 450,000, As 60,000, Cu 30,000,
Cd 10,000, and Ag 5,000. Nonsulfophile metals of pos-
sible economic interest include, in short tons: K 85 mil-
lion, Li 1.1 million (the largest known Li resource in the
United States), B 2 million, Rb 500,000, C~ 75,000, Tl
7,000, and Sn 2,500, The constituents of the brine, if re-
covered, have a market value exceeding $5 billion.
Figures of similar magnitude can also be calculated for
average granite or shale; they have little merning unless
the constituents can be recovered commercielly.

Alkaline brines containing high concentration of silica

B. F. Jones, S. L. Rettig, and H. P. Eugcter (Johns
Hopkins Univ.) (r0905) have found that siliceous alka-
line brines in the western Great Basin ar similar to
brines from Lake Magadi in the rift valley of Kenya,
Africa. Evaporation of solutions that contain mostly
sodium and bicarbonate can give a solution of high pH
in which silica is relatively soluble. New hyd-ous sodium
silicate minerals precipitated in these saline lakes have
been identified by Eugster, Jones, and R. 2. Sheppard
(r2159).

PRECIPITATION, SURFACE WATER, AND
SUBSURFACE WATER

Mineral content of precipitation

-D. W. Fisher has found that precipitstion in the
eastern United States and the Virgin Islands contains
solutes from three general sources and that the total
amounts carried to the land surface from these sources
are different in different areas. First, solutes originating
from sea salt reach the land at an annual rate of 40 tons
per sq mi in the Virgin Islands but only 2 tons per sq mi

%D, E. White, in press, Environments of generation of some base-
metal ore deposits : Econ. Geology, v. 63.
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in western New York State. Second, an acidic compo-
nent contributes sulfate over and above the amount com-
ing from sea salt; this component is apparently derived
from the air over land areas and contributes more than
10 tons per sq mi of sulfate in the Northeastern States
but only 2 tons per sq m1 in the Virgin Islands. The third
component appears to be associated with soil dust.
Amounts of solutes contributed by this source are widely
variable but generally less than 5 tons per sq mi per yr in
the Northeastern States and North Carolina. Almost 50
tons per sq mi per yr from this source was brought down
in precipitation in the Virgin Islands, however.

Minor elements in Arkansas River

Robert Brennan reported that the principal minor ele-
ments in solution in the Arkansas River above Buena
Vista, Colo., are iron, manganese, and zinc. Small
amounts of aluminum, copper, lead, molybdenum,
nickel, and titanium also are present. The principal
sources of these elements are the Leadville Drain and
the California Gulch that drain the Leadville mining
district. Concentrations reached as high as 62 mg/1
Zn and 20 mg/! Mn in the California Gulch. Concen-
trations of most of the heavy metals in solution are de-
creased by dilution in the Arkansas River, but the load
of dissolved zinc and manganese does not decrease. In
Leadville Drain and California Gulch, in addition to
the dissolved load, significant quantities of iron, manga-
nese, zinc, copper, and lead are transported also in sus-
pension and are found as coatings on rocks and vegeta-
tion in the streams.

In the upper reaches of the source streams, the water
generally is slightly acidic (pH<7.0). At the mouth of
the streams, the pH generally is greater than 7 except
during spring high flows when it may be as low as 3.

Yellowstone geothermal waters

D. E. White and L. J. P. Muffler, in cooperation with
R. O. Fournier and A. H. Truesdell, are carrying on a
comprehensive study of geothermal areas in Yellow-
stone National Park in order to understand the nature
of the subterranean circulation systems, associated rock
alteration, and heat-flow characteristics, and ultimately
to apply this understanding to the genesis of epithermal
ore deposits. Ten diamond-drill holes have been com-
pleted in hot-spring areas, with the following results:

1. In over half the holes the temperature increased
linearly with depth until the pressure-corrected, the-
oretical boiling point was attained, below which depth
the temperature followed the boiling-point curve.

2. In nearly all the wells the water pressure meas-
ured at the surface exceeded atmospheric pressure.
These “artesian” pressures became evident at drilling
depths of 50 to 200 feet and are attributed to sealing
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of the initially permeable near-surface rocks in the
upper, cooler parts of the hot-spring systems by depo-
sition of hydrothermal minerals. ‘

3. Preliminary logging of drill cores indicates that
significant differences exist in the nature and distribu-
tion of hydrothermal minerals in different areas—scme
are characterized by zeolites and others by clay.

CHEMICAL-EQUILIBRIUM AND KINETICS STUDIES

Serpentinization produces distinctive ground water

Two water types have been found by Ivan Barnes,
V. C. LaMarche, Jr., and G. R. Himmelberg (r2164) to
be discharged by ultramafic rocks. Most common i~ a
magnesium bicarbonate type of water that constitutes
a major perennial supply in the Coast Ranges of Cali-
fornia. This type of water is unique chemically end
represents meteoric water. A calcium hydroxide type
of water also has been found and is probably one of
the products of present-day serpentine formation. At
least 4 ultramafic bodies (8 in California and 1 in Ore-
gon) are presently undergoing serpentinization with
large volume increases.

Yellowstone Park bacteria manufacture sulfuric acid

The rate of formation of sulfuric acid by bacteria in
sulfurous hot-spring areas of Yellowstone Park aver-
ages about 10 g/sq m of ground surface per day, accord-
ing to measurements reported by Robert Schoen. The
range in rates is from 714 to 15 g among the 4 localities
studied. Near uniformity of acid production among the
4 localities is remarkable considering that there is a
size factor of 19 among them. This rate is much lsss
than the rate of sulfric acid production reported for
bacteria in laboratory cultures.

Hot acid formed near sulfurous hot springs has a
devastating effect upon nearby rocks and metal and
concrete structures. Although contamination of streams
by sulfuric acid from hot springs is a minor problem, the
similarity in origin between this acid and that produced
during the weathering of pyrite and marcasite in coal
mines deserves further study.

Forms of dissolved aluminum and solubility controls

Graphical methods which can be used to determine
concentrations of free aluminum ions and hydroxide,
fluoride, or sulfate complexes with aluminum were de-
veloped by J. D. Hem (r0536). The least soluble forms
of aluminum in mixed solutions of this type may not be
simple hydroxide minerals. C. E. Roberson and Hem
identified the minerals cryolite, ralstonite, and alunite
in solutions aged at 25°C and 1 atm. Cryolite obtain~d
in these experiments had a standard free energy of for-
mation of —745.4+1.0 kecal per mole, in close agreement
with a recently published value.
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ISOTOPE AND NUCLEAR GEOCHEMISTRY
ISOTOPE TRACER STUDIES

Tritivm rainout pulse and the hydrologic cycle

G. L. Stewart, T. A. Wyerman, and R. K. Farns-
worth report that the tritium concentration in precipi-
tation and surface water has continued to decline since
reaching a maximum in 1963. Precipitation in 1967 con-
tained about 85 percent less tritium than precipitation
in 1963. The net result is that a large tritium rainout
pulse has been added to the hydrologic environment dur-
ing the past few years. This natural pulse is being used
to trace surface and ground water. For example, the
arrival of modern bomb-produced tritium has been ob-
served at several monitoring wells within the Edwards
Limestone in the San Antonio, Tex., area. Wells close
to principal recharge areas have shown a continued
increase in tritium, whereas more distant wells have
shown no influx of modern tritium. The tritium-pulse
tracing technique is being used to study water movement
and mixing patterns in a salt-water encroachment study
in Biscayne Bay near Miami, Fla. In the Silver Springs
area of Florida, monitored wells show modern tritium
levels that appear to be closely related to annual tritium
rainout peaks.

High tritium concentrations in plant tissue near Savannah
River Plant, S.C.

G. L. Stewart and Max Sherman examined the areal
distribution of tritiated water around the Savannah
River Plant (SRP), S.C., by measuring tritium in sev-
eral types of plant tissue taken from loblolly pine
(Pinus traeda, L.) and sweetgum (Liguidambar styra-
ciffua, I..) trees.

The tritium concentration in both free and bound
water for all types of plant tissue sampled was many
times greater for plants growing near the perimeter of
the SRP than for those growing about 50 miles away.
Exchange and isotopic effect mechanisms appear to be
involved in the synthesis of plant tissue, water transfer
in the plant, and evapotranspiration.

Strontium isotopes in young igneous rocks from Western
United States

C. E. Hedge has determined nearly 100 Sr®"/Sr®¢ ra-
tios on young igneous rock from Western United States.
Although the results show a large range, a considerable
degree of order has begun to emerge. The Sr in mag-
mas which have not come up through an old sialic base-
ment is no more radiogenic than the Sr in oceanic
basalts. Most magmas that have penetrated an old base-
ment contain a significant enrichment in radiogenic
Sr, and the enrichment is inversely proportional to the
respective Sr concentrations. Data from rhyodacite
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rocks are consistent with the hypothesis that the more
radiogenic Sr is acquired by magmatic assimilation as
the magma intrudes upward through the crust. How-
ever, the smaller variations in the Sr®7/{r*¢ ratio of
basalts seem to reflect chemical inhomogeneities in the
upper mantle.

Utilizing lead isotopes as a guide to ore

B. R. Doe, J. S. Stacey, M. H. Delevaux, and I. T
Nkomo are evaluating the potential of lead isotopes as
a guide to the economic potential of mineral prospects.
The relative abundance of lead isotopes hes previously
been shown to be useful in prospecting for uranium
ores® and in judging the probability of the size of a
lead-ore prospect.®®

Three developments during the past several years
permit a more comprehensive look at the economic ap-
plications of lead isotopes: (1) development of analyti-
cal techniques that permit isotopic analyses of lead in
all ordinary rock types except for ultrabasic rocks, (2)
a major increase in precision of measurements of iso-
tope abundance in minerals such as galena where quar-
ter-gram quantities of lead are available, end (3) some
increase in precision of measurements of isotope abun-
dance in rocks where only microgram (millionth of a
gram) quantities of lead are available. With these rela-
tively new techniques, one can compare the isotopic
composition of a given ore with that of possible sources.
If a prospect has lead isotopic composition similar to
that of a hypothesized source, then the ore in the pros-
pect may be derived from that source. This method has
been applied in the Rocky Mountains* and in Saudi
Arabia (M. H. Delevaux and others, r0817) where it
appears that a prospect has a higher probability of
being economic if it has a lead-isotope com position sim-
ilar to that of a producing deposit.

The increased precision of analysis also makes it
possible to estimate the age of the sourc» of the lead
in an ore (J. S. Stacey and others, r0807). This knowl-
edge may give clues to the age of the basement rock
of a region, as well as help in defining the source of
an ore.

Lead isotopic composition of placer gold from Hahns
Peak, Colo.

The isotopic composition of trace lead in pla(:,er gold
is of interest because of the possibility that it will serve

51 R, 8. Cannon, Jr., L. R. Stieff, and T. W. Stern, 1958, Radiogenic
lead in nonradiogenic minerals—A clue in the search for uranium and
thorium, in United Nations, Survey of raw material resources: Internat.
Conf. Peaceful Uses of Atomic Energy, 2d, Geneva 1958, Proc., v. 2,
p. 215-220. .

s2R. S. Cannon, Jr., A. P. Pierce, and J. C. Antweiler, 1961, The
data of lead isotope geology related to problems of ove genesis: Econ
Geology, v. 56, p. 1-38.

53 B, R. Doe, 1967, The bearing of lead isotopes on the source of granitic
magma : Jour. Petrology, v. 8, . 51-83.
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to identify the bedrock source of gold. The Hahns Peak
region, northwestern Colorado, was selected for an ini-
tial test because of uncertainty as to whether placer
gold that occurs there was derived from ore deposits of
Precambrian or of Tertiary age. Previous lead-isotope
studies of galenas from a number of ore deposits in
north-central Colorado paved the way for such a test
because they indicated distinctive differences between
Precambrian and Tertiary ore leads. Isotopic analyses
have now been made by J. C. Antweiler, B. R. Doe,
and M. H. Delevaux of trace lead from a gold placer
at the foot of Hahns Peak, of lead from a galena de-
posit in the Hahns Peak porphyry of Tertiary age, and
of galena-lead from the Greenville ore deposit of Pre-
cambrian age about 12 miles southeast of Hahns Peak.
The trace lead extracted from placer gold is not the
same in isotopic composition as any galena-lead so far
analyzed from this region. Although the composition
of the trace lead does suggest some kind of kinship
with the Hahns Peak galena-lead, it is possible that
the placer gold is a mixture derived from both Terti-
ary and Precambrian sources. If some placer gold forms
through the accretion of very fine gold particles, an ex-
cellent opportunity is afforded to incorporate extrane-
ous lead into the nuggets, which could further compli-
cate interpretation of the isotopic data.

Isotopic composition of lead from volcanic rocks

Southern Mexico—Ore leads from sulfide deposits
in the Pachuca—Real del Monte, Zimapan, and Taxco
districts, located in the neovolcanic plateau of Pliocene
and Pleistocene age in southern Mexico, were found
by A. P. Pierce to be of nearly uniform isotopic compo-
sition. The average composition (Pb2°¢%/Pb***=18.98,
Pb2os/Pb?07=1.192, Pb2%/Pb*$=0.4793) is similar to
that reported in the literature for leads in manganese
nodules, ocean floor sediments, fumaroles, and a number
of other sulfide deposits of the circum-Pacific region.
Lead of such composition throughout this region is
inferred to have originated in a widespread homoge-
neous source at depth.

Oregon Coast Range—Mitsunobu Tatsumoto has
determined the isotopic composition of lead and the
concentration of lead, uranium, and thorium for Ter-
tiary volcanic rocks from the Oregon Coast Range and
two tholeiitic basalts from Washington. The lead iso-
topic composition varies over a wide range so that the
model lead isochron ages range from +100 to —1,000
m.y. The results suggest that (1) the volcanic rocks
were generated from more than one source because the
isotopic composition of lead in rocks of Eocene and
Oligocene age is distinctly different from that of Mio-
cene rocks. The source region of the Miocene basalts is
thought to be a part of the upper mantle that was formed
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by evolutionary processes during Precambrian time.
(2) The variation in the isotopic composition of lead in
differentiated suites (lower to middle Eocene basalts
and upper Eocene to lower Oligocene basalts) may have
been caused by different magma sources, or by assimila-
tion of different lead from the wallrocks of the magma
reservoirs or conduits.

Hawaii—The isotopic composition of lead and con-
centration of lead, uranium, and thorium in volcanic
rocks of the island of Hawail were studied by Mitsm-
obu Tatsumoto. All leads from the five volcanoes on the
island lie near the x=8.6 growth curve, but range from
+200 to —300 m.y. in model age. Basalt from esch
volcano has a different lead isotopic characteristic,
which suggests that the magma chamber for each vol-
cano may be independent. The difference in the isotcnic
composition of lead suggests that the mantle-crust dif-
ferentiation at the island of Hawaii started more than
200 m.y. ago.

The isotopic composition of Kohala Mountain itself
varies measurably and becomes more radiogenic from
the lower member to the upper member, although all
the rocks are less than 1 m.y. old. This implies that the
basalt source changed in isotopic composition either by
(1) the melting of different parts of the mantle, (2)
different degree of partial melting of mantle material,
or (3) variation in degree of contamination of magma
from basaltic crust. The similarity in lead isotcmic
composition between an alkali basalt from the upper
flow of Kohala and an adjacent tholeiite suggests that
differentiation from tholeiite to alkalic basalt may
oceur.

Distribution of lead in igneous and metasediment~vy
rocks of Colorado Front Range

Lead determinations by L. B. Jenkins and Roosevelt
Moore on 124 rocks collected by George Phair mainly
from the Front Range, central Colorado, fall in the
following ranges:

Number of Range
samples (ppm)
Precambrian rocks
Gneisses, schists and amphibolites______ 25 5.0- 22.0
Boulder Creek Granite______.___________ 17 15.0- 35.0
Silver Plume Granite 3 48.0- 59.0
Laramide intrusives
Phaneritic stocks______________________ 39 6.4-101. 3
Soda porphyritic-aphanitic stocks_______ 12 8.2-144
Dike rocks_ . ___ 28 20. 3-124

Individual intrusions of intrusive rock of each type
tend to have distinctive lead ranges. The wide varia-
bility of the lead results points up the difficulties in-
herent in the choice of a crustal U/Pb ratio—a choice
demanded by most current hypotheses describing the
isotopic evolution of lead.
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Solute-water interactions

An isotopic-fractionation technique has been used by
J. R. O°Neil and A. H. Truesdell in studies of solute-
water interactions, the structure of water, and the char-
acterization of sulfate ion-pairs in aqueous solutions, In
these experiments dehydrated salt is added to water of
known O/0% ratio and the solution is equilibrated iso-
topically with a small quantity of CO, gas which is sub-
sequently analyzed by mass spectrometer. The equilibra-
tions were carried out at 0°, 25°, and 38.5°C. Some of
the conclusions are: (1) Mg*? and Al*® are solvated to
the same extent in associated sulfate ion pairs as they
are in dissociated chloride solutions. (2) Conditions of
temperature and dielectric constant of electrolyte solu-
tions can be found which drastically reduce or eliminate
the interaction between cations and water. (3) The ex-
tent of interaction of ions with water seems more a func-
tion of the size of the ion than of charge or ionic poten-
tial. (4) From the temperature coefficients of the O3
fractionations between pure water and the solutions
studied, at least three different structural states of water
have been identified. Transitions from one structural
state to another occur at specific concentrations of the
electrolyte, and these critical concentrations differ for
each electrolyte. (5) Extrapolation of these data to
higher temperatures yields valuable information on
aqueous solutions of geologic interest.

Secondary nature of ordered dolomite

J. R. O'Neil and Ivan Barnes have studied the iso-
topic composition of carbonates and waters found in a
drainage area underlain by ultramafic rocks at New
Idria, central California. The results suggest -that
dolomite can form by reaction of precursor calcium
carbonate- and magnesium-bearing ground waters by a
mechanism involving cation diffusion. Analyses of
genetically related aragonite, calcite, stuffed calcic
protodolomite, protodolomite, and ordered dolomite are
essentially identical in O composition. This would be
expected if the carbonate lattice of the aragonite or cal-
cite precursor remained intact during transformation to
dolomite. Measurements of the Q8 content of contempo-
raneously precipitated hydromagnesite indicate that if
dolomite formed from calcium carbonate by solution
and redeposition the dolomite would contain a few parts
per thousand more O*® than the calcium carbonates.

Isotopic alteration of limestone

Samples of Madison Limestone in the vicinity of the
Snake River hot springs near the southern border of
Yellowstone National Park have been examined for
O content by Irving Friedman. Even though no vis-
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ible alteration can be seen in thin section, samples show
isotopic alteration by the hot-spring waters at distances
of up to 50 feet from known hot-spring vents. The water
temperatures were never above 93°C, and tho time dur-
ing which the hot waters acted was probably less than
a few thousand years. The rather extensive isotopic al-
teration in this area as compared to the smajl amount of
alteration observed in similar carbonates in areas of
lead-zinc mineralization indicates that such minerali-
zation may be fairly rapid.

C3/C2 ratios of metamorphic carbonaceous shales

Fred Barker and Irving Friedman have carried out
O13/C'2 determinations on Precambrian crrbonaceous
shales in the San Juan Mountains, southern Colorado.
Samples were selected from a single bed where the grade
of metamorphism increases owing to the proximity of an
intrusion, The C3/C*2 ratio of the shales increases and
the carbon content of the shales decreases ¢s the intru-
sion is approached, and it seems evident that C'? was
preferentially lost from the shales dur‘ng contact
metamorphism.

Hydrogen-deuterium ratio and tritium cont*ent of
atmospheric hydrogen
Irving Friedman has established a labor~tory at the

.summit of Mt. Evans, Colo. (alt., 14,000 feet) to col-

lect samples of uncontaminated air for analyses of
tritium content of atmospheric hydrogen. Collections
have been made once a month throughout t-e year, and
results to date indicate a high level of tritium of approx-
imately 10¢ T.U. (1 T.U.=1 tritium atom per 10
atoms of hydrogen). The hydrogen-deuterium ratios of
the hydrogen samples are low and indicate that the
sampling site is uncontaminated by automobile exhaust
and industrial gases.

Evapotranspiration in trees

R. L. Wershaw and Irving Friedman have conducted
evapotranspiration studies on trees grown in a con-
trolled-atmosphere greenhouse. Initial exp~riments in-
dicate that the leaves fractionate deuterium during
transpiration by approximately the amount to be ex-
pected from equilibrium liquid-vapor relations. Results
of hydrogen-deuterium measurements on le~f water and
tree-input water from trees growing in the open in
Arizona are similar to greenhouse results.

0 /0" and €3/C'? ratios in fluid inclusions

R. O. Rye and J. R. O'Neil have determined the
018/01¢ ratio of water and the C*3/C*? ratio of CO; in
primary fluid inclusions in minerals from Providencia,
Mexico. The 80 of the inclusions in sphalerite
is 1 to 3 parts per thousand lighter than pristine mag-
matic waters and has probably resulted from isotopic
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exchange between the hydrothermal fluids and the
crystalline granodiorite through which the ore fluids
passed after they left a magmatic source. The measured
values for the 80'® of the hydrothermal fluids are in
reasonable agreement with values that were calculated
from filling-temperature measurements of fluid in-
clusions, experimental isotope-fractionation factors, and
the 80 of calcite and quartz. The 8C*® of the CO, in
sphalerite is in the range believed to be typical of juve-
nile CO,. Fluid inclusions in oxygen-bearing minerals
such as quartz and calcite or carbon-bearing minerals
such as calcite do not appear promising for direct deter-
minations of the 80 or 8C®® of hydrothermal fluids
because exchange occurs between the host and the in-

clusion as the ore deposit cools. However, exchange may

be in part a function of volume-to-surface ratios in the
fluid inclusions.

08/0* ratios of metamorphic carbonate rocks

The metamorphic sequence at Naxos, Greece, consists
of a central gneiss dome with surrounding schists and
marbles of decreasing metamorphic grade. Oxygen-
isotope measurements by R. O. Rye indicate that the
schist beds reached oxygen-isotope equilibrinm with a
large reservoir of fluid of constant 80 during meta-
morphism. Adjacent marble beds, however, were not
permeated by fluids during metamorphism, and the
marbles show evidence of oxygen-isotope exchange with
the metamorphic fluids for only a few inches from
schist-marble contacts. The marbles evidently acquired
their very low barium and strontium content before
metamorphism and acquired their coarse crystalline tex-
ture without the presence of large amounts of fluid.

RADIOACTIVE DISEQUILIBRIUM

Uranium-series dating

In previous studies on uranium-series dating of shells,
the system was assnmed to have been closed to addition
or removal of U8 U2+ Th#°, and Ra*® after the
original incorporation of uranium. A stringent criterion
for a closed system is the demonstration that the growth
of Pa®! from U%° gives an age concordant with that
calculated for the growth of Th?*° from U?*. Using the
technique of neutron-activation analysis, Pa®! was
determined in several aragonitic and calecitic mollusk
shells collected from elevated marine terraces in south-
ern California; however, none gave concordant ages for
Paz1/U?® and Th2°/U%. Thus, samples containing
excess Pa?1 indicate that a closed system did not exist
in the shells and that more uranium was available to the
shell in permeating solutions than was actually assimi-
lated by the shell. An open-system model for uranium-
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series dating (J. N. Rosholt, r2171) was developed to
account for the discordancy between Pa?'/U?*® and
Th2% /7% ratios.

Apparent ages have been calculated from the open-
system model by B. J. Szabo and J. N. Rosholt on
several mollusk shells from elevated marine terrace~ in
southern California described by Yerkes and Went-
worth (p. 89).%* Seven species from near USGS loc.
M2017 in the low terrace of Palos Verdes Hills bave
ages of 95,000=15,000 years, 7 species from USGS loc.
M1710 on the Dume Terrace near Point Dume have s.ges
of 105,000%15,000 years, and 2 species from Terrace C
at Corrall Canyon have ages of 120,000+20,000 ye-rs.

Uranium distribution studies using neutron-induced
fission tracks

A very sensitive technique has been developed by J. R.
Dooley, Jr., to study the distribution of uranium in
geologic specimens. Tracks produced by fission products
of uranium during neutron irradiation of a specimen are
recorded on plastic. Photographs are prepared of the
fission tracks and the corresponding segment of the
specimen. The fission-track distribution and localization
illustrate the corresponding uranium localization and
homogeneity in concentrations as low as 1 ppb uranium
in the specimen.

Disequilibrium in natural water and mine and mill
effluents

In the study of transport and deposition of uranium
in the Black Hills, western South Dakota (¢n U.S. Geol.
Survey, r0439, p. A9), five well-water samples furnished
by C. G. Bowles were analyzed for uranium and thor‘um
concentration. Four of the samples that contained a
sufficient quantity of uranium were analyzed for U/
U2 disequilibrium. The water samples were from flow-
ing wells in the Lakota Formation, Fall River County
and Custer County, S. Dak., and from artesian wellr in
the Minnelusa Formation, Weston County, eastern Wy-
oming. All thorium concentrations were below 0.02 ppb
and uranium concentrations ranged from 0.028 to 12.9
ppb. The 2 water samples from the Minnelusa Forna-
tion have U2+¢/U%* activity ratios of 1.9 and 2.4, while
2 water samples from the Lakota Formation have
U+/U?* activity ratios of 4.2 and 5.1. The latter value,
which means a 410-percent excess of U2+ over that re--
quired for equilibrium with U2, is higher than any
value reported in the literature for the United Ststes.
However, Russian workers have reported values of
U=+/U=s activity ratios as high as 9.0 in water samples.

#R. F. Yerkes and C. M. Wentworth, 1965, Structure, Quaternary
history, and general geology of the Corral Canyon area, Los Angeles

County, California: U.S. Geol. Survey open-file rept., 215 p., ilus,
tables, geol. map. [1966]
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Nevtron-activation analysis of protactinium

A new method for the determination of Pa2!/J2% in
fossil samples and common crustal rocks has been de-
veloped by J. N. Rosholt and B. J. Szabo using the
technique of neutron activation. The method, which is
based on the accurate determination of protactinium in
material containing uranium in the parts-per-million
range, has potential application to uranium-series dat-
ing of Pleistocene samples and to the investigation of the
migration of uranium and thorium in common crustal
material. The nuclear reaction

P&231 (TL, 'Y) Pa,232 B U232 o Th228
—_— —
1.3 day 72yr

with a thermal neutron cross section of about 220 barns,*
is used to produce U2 for subsequent comparison to
the U**® that had been naturally incorporated in the
sample. The U#2/U** ratio, which is proportional to
the Pa®1/U ratio in the sample, is determined by com-
parison with a reference sample irradiated with the same
cumulative neutron flux. The optimum cumulative ther-
mal neutron flux is approximately 210 neutrons/
sq cm, which produces a U?8/U?3 activity ratio of 10.
High-resolution alpha-spectrometer measurements are
used to determine the isotopic composition of uranium
chemically separated from the irradiated sample. On
the basis of considerations of accuracy alone, the tech-
nique appears to make obsolete all previous methods used
for the determination of protactinium.

Rapid method for measuring Rb/Sr ratio in silicate rocks

A rapid, simple X-ray fluorescence method for deter-
mining Rb and Sr concentrations in silicate rocks has
been perfected by W. P. Doering. For studies in Rb-Sr
geochronology in which a large number of samples with
differing Rb/Sr ratios are needed to precisely define a
single isochron, the Rb/Sr ratio is used, rather than
absolute concentrations of each element.

For a suite of rocks with similar composition, it is
common practice to do a representative series by isotope
dilution analysis and the remainder by X-ray fluores-
cence, using the isotope dilution values as standards.
Rb and Sr are consecutive elements, and the K« line
wavelengths (0.87660 A for Sr and 0.092688 A for Rb)
are also close together so that in a given sample the
matrix effects on Rb and Sr are almost identical and
therefore nearly cancel each other. The uncorrected
X-ray ratios, determined by proportional counting of
each wavelength for a predetermined period, are pro-

551 barn=10-2¢ gq cm.
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portional to the isotope dilution ratios in the rock
samples even though there may be considerable varia-
tion in the total but not relative fluorescence as a result
of absorption effects. For this X-ray method, the overall
precision (20 for the Rb/Sr ratio) is =3 percent.

Chronology of emplacement of Mesozoic batholithic
complexes in California and western Nevada

R. W. Kistler and J. F. Evernden (Univ. of Calif.)
have concluded a geochronologic study of tl'= Mesozoic
batholiths in California and western Nevada. This
study took place over a period of 10 years and has in-
volved over 400 age determinations at 250 localities.
Initially, K-Ar ages of biotite samples gave geologically
reasonable results for rather limited areas, but as a
greater portion of the Sierra Nevada batholith was
studied the geochronometric results (K-Ar dates on
biotite) often contradicted the age relations established
on the basis of fieldwork. When the importance of horn-
blende as a suitable mineral for K-Ar dating was estab-
lished the reason for the geologic and geocl ronometric
contradictions was readily apparent. A granite body
emplaced into an older plutonic terrane was shown to
exhibit a pronounced effect in disturbing or resetting
the mineral ages in the older plutons. In fact, in the
older terrane at distances from the contact equal to
the dimension of the intruding body, the K-Ar and
Rb-Sr ages of biotites were reset to the age of the in-
truding unit. Because of the better argon retention
properties of hornblende this same effect was noticeable
for only half this distance. The advent of the whole-
rock Rb-Sr isochron method, which is capable of deter-
mining the age of systems which have undergone
regional or contact metamorphism, helped establish the
upper age limit for some of the older plutonic bodies.
Additionally, it was shown that the K-Ar ages of horn-
blendes approached or equaled the whole-rock Rb-Sr
isochron age, provided samples can be oltained suf-
ficently far away from younger intrusives.

The coupling of all these methods has rovealed dis-
tinct periods of magma generation and intrusion when
the ages are related to the distribution of genetic groups
of plutons based on geologic mapping. Five epochs of
magma generation and emplacement that took from 10
to 15 m.y. to complete were initiated at apnroximately
30 m.y. intervals. Each intrusive epoch was preceded by,
or was in part contemporaneous with, a period of re-
gional deformation in California or western Nevada.
Further results of this study, as well as a table pro-
viding data on plutons sampled, are given under the
heading “Pacific Coast Region” in the section “Geologi-
cal, Geophysical, and Mineral-Resource Studies.”
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Hydration-rind dating of rhyolite flows

Friedman and Smith described a technique for dat-
ing obsidian artifacts based on measuring hydration
rinds.>¢ The technique depends on the fact that the arti-
fact maker, in chipping or flaking the artifact, exposed
a fresh surface of volcanic glass to the atmosphere.
Water vapor was then adsorbed on the surface and
slowly diffused into the body of the artifact, producing
a hydration layer or rind. Rates of diffusion were de-
rived by measuring hydration rinds on artifacts of
known age, or on artifacts whose ages could be inferred
by C' dating of associated carbonaceous material. The
rates were shown to be independent of relative humid-
ity, but dependent on the temperature of hydration.
Hydration rates varied from 0.3642/1,000 years for the
Arctic to 1142/1,000 years for the tropics.

Recent work by Irving Friedman (r1071) has shown
that this technique can be applied to the dating of
rhyolitic flows as well. At Glass Mountain, Medicine
Lake, northern California, several samples of trees
burned by composite rhyolite-dacite flows yielded C'*
dates of approximately 400200 years B.P. Original
surfaces, created when the flow was still in motion, dis-
played rather uniform hydration thicknesses of
1.3%+0.2p, a thickness to be expected if hydration oc-
curred at surface temperatures over a period of 300 to
400 years. This technique was also applied to several
flows of Mono Craters, eastern California. Preliminary
results gave ages of approximately 1,300 years for
Panum Dome, 1,800 years for the North Coulee (flow),
2,500 years for the Southern Coulee, 5,800 years for the
caldera just north of Devils Punch Bowl, and ages rang-
ing from 8,700 to 31,000 years for 4 samples collected
from Devils Punch Bowl. These ages are in general
agreement with K-Ar ages reported by G. B. Dalrymple
(r0894) for the Mono Craters region.

Dating of obsidian by hydration can be used to date
flows between 200 and 200,000 years old with errors of
=20 percent caused by uncertainties regarding the rates
of hydration. The minimum age is determined by the
minimum thickness that can be measured and the maxi-
mum by the fact that the hydration layer spalls from the
glass after reaching a thickness of approximately 20pu.

The technique, also applicable to porphyritic glass,
is inexpensive and rapid; in addition, the work can
easily be done at the outcrop. However, this technique
of dating by hydration measures the time since the ob-
sidian surface or crack was made; where any one of
many events could have created the surface that is
measured, care must be taken to correlate the correct
event with the hydration date.

% Irving Friedman and R. L. Smith, 1960, A new dating method using

obsidian—Pt. I, Development of the method: Am. Antiquity, v. 25, p.
176-493.
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Increment heating studies on pyroxene

As part of a study to establish the age of the Still-
water Complex, Montana, routine K-Ar dating was
applied to all K-bearing phases by R. W. Kistler. A
K-Ar age of 3.2+0.2 b.y. was obtained for a wkole-
rock specimen from the chilled border phase, while ages
of 7.1 and 8.4 b.y. were obtained for an augite and
bronzite sample, respectively, showing that both pyrox-
enes contain excess radiogenic argon. Argon extracted
from these pyroxenes by an increment heating proce-
dure demonstrates that argon is held in two positions in
the minerals. Argon in the first position can be com-
pletely removed by heating the pyroxenes in a vacium
at 800°C, while argon in the second position is removed
only upon fusion of the mineral. The excess radiogenic
argon is thought to have been introduced into the
crystal when the complex was metamorphosed about
2.7 b.y. ago and not when the complex crystallized. It
is concluded that this excess radiogenic argon in the
Stillwater pyroxenes is held at interfaces between host
crystals and exsolution lamellae and can be removed at
temperatures that do not affect the argon in lattice
positions.

After removal of this rather mobile component of
radiogenic argon, ages of 3.6 and 4.1 b.y. result using
the potassium content and the residual componert of
argon, which is believed to be produced by the decay of
potassium. While these ages are surprisingly old, they
are within the realm of possibility when the geologic
uncertainties surrounding the complex are considered.

Another study on a pyroxene sample from the Sierra
Nevada which has undergone contact metamorphism
indicates that in the absence of exsolution lamellae no
excess argon was introduced into the crystal.

It is concluded that pyroxenes without exsolrtion
lamellae and those with lamellae but subjected to incre-
ment heating studies may be uniquely useful for dating
ultramafic complexes, and that useful information about
metamorphic temperatures can be obtained by the tem-
perature of release of argon driven into imperfections
in pyroxene crystals during a metamorphic event.

ISOTOPE HYDROLOGY

Natural radioisotopes in major United States rivers
Information on the natural radioisotope levels in 12
major United States rivers has been made available as a
result of a 3-year study.>” Levels of uranium in the Colo-
rado River at Yuma, Ariz., averaged 7.5 ppb, the Mis-
souri River at Nebraska City, Nebr., averaged 5.0 ppb
51V, J. Janzer, 1965-67, Radioisotopes in surface water: U.S. Geol.

Survey Water Resources Rev., Dec. 1, 1965, May 1, 1966, Aug. 1, 1966,
Jan. 1, 1967, and Aug. 1, 1967 issues.
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and the Mississippi River at Luling Ferry, La., aver-
aged 1.8 ppb during the study period. Maximum ura-
nium concentrations observed were 9.7 ppb in the
Colorado, 7.2 ppb in the Missouri, and 2.5 ppb in the
Mississippi. Radium concentrations ranged from a high
of 0.6 pe/1 in the Colorado River at Yuma to less than
0.1 pc/1 at most other locations. A maximum gross alpha
concentration of 31 ug of uranium equivalent per liter
occurred in the Colorado River at Yuma and a maxi-
mum beta concentration of 21 pe/1 of strontium-yttrium
90 equivalent was observed in the Missouri River during
the 3-year period.

Thorium in Colorado surface and ground waters

V. J. Janzer reports that a fluorometric method has
been used for determining as little as 0.1 ug thorium in
water. Thorium in the samples is coprecipitated with
barium sulfate. The precipitate is redissolved and a
fluorescence, proportional to the thorium contained, is
then developed using morin. A number of Colorado
surface and ground waters have been tested using the
method, and thorium levels have been found to be less
than 0.1 ppb in almost every case. Water samples in the
normal pH range which were collected in the vicinity of
known thorium deposits have also contained less than
0.1 ppb thorium. However, acid mine-drainage water
hasbeen found to contain 4 ppb thorium. It appears that
acidity is a major factor controlling thorium concentra-
tion in natural waters.

SEDIMENTOLOGY

Sedimentology, the study of sediments and sedimen-
tary rocks, encompasses investigations of principles
and processes of sedimentation and includes develop-
ment of new techniques and methods of study. Sedi-
mentologic studies in the Geological Survey are
directed toward two ends: (1) solution of water-
resources problems and (2) genetic interpretation of
sediments and application of this knowledge to sedi-
mentary rocks, in order to interpret more precisely their
depositional environment.

SEDIMENTARY PETROLOGY

Sedimentary petrology, as the term is used here, is
the study of the origin of sediments and sedimentary
rocks. Many studies in the Geological Survey involving
sedimentary petrology are directly applied to other
topics such as economic or engineering geology or re-
gional stratigraphic structural studies; these are re-
ported elsewhere in this volume under their appropriate
headings. Studies described here apply directly to
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understanding the origin of sedimentary rocks other
than marine sediments, which are descr'bed under
“Marine Sedimentology” - in the section “Marine
Geology and Hydrology.”

Sedimentary structures

A newly recognized primary structure, tevmed “dish
structure” by C. M. Wentworth, commonly occurs in the
central portion of graded beds in coarse-grained turbid-
ites of the California Coast Ranges. Dish structure is
a form of internal stratification consisting of a sequence
of small lenses 4 to 50 cm long and 1 to 6 cm thick which
are oval in plan and concave-upward at the base. Indi-
vidual structures are defined by a slightly clayey base
from which the clay content decreases and sand size
increases upward to a coarser clay-free top. Dish struc-
ture could be formed by standing-wave or antidune
flow within a turbidity current, with aggradation occur-
ring rapidly in pulses as the waves break and re-form.
The size of individual dishes is compatible with that of
antidune structures formed in flumes, and recent re-
search on the origin of beach lamination (see H. E.
Clifton, under “Marine Sedimentology”) demonstrates
that movement of a thick tractive load can produce
reverse grading in sand such as that found in the
interior of individual dishes.

A comparison by G. W. Colton and P. R. Margolin
of sedimentary structures within two units generally
considered to be of grossly different origin showed that
surprisingly few structures were unique to either unit.
The units, both predominantly Late Devonian in age,
are the Chemung Formation, generally interpreted as
a marine deposit, and the Catskill Formation, generally
thought to result from nonmarine deposition. Structures
unique to the Chemung are (1) abundant r>sedimented
marine shells and fish scales, (2) numerous flow rolls
(“storm rollers” or “ball-and-pillow structure”) of
sandstone and siltstone, and (3) relatively sparse thin
beds and lenses of discoidal quartz pebbles in quartzose
sandstone. Structures unique to the Catskill are (1) lo-
cally abundant plates and spines of armor~d fish; (2)
internal casts of tree trunks (arborescent 17copsids) in
growth position; (3) leaf impressions; (4) casts of
mud cracks (found at one locality only) ; (£) abundant,
almost ubiquitous, parting lineation; (6) tabular and
trough types of medium- to large-scale crossbedding;
and (7) in the lower part of many thick, channelled
sandstones, commonly steeply crossbeddel lenses of
clay galls in a crystalline limestone matrix.

In the laboratory, E. D. McKee experimentally con-
torted artificial sedimentary structures in sand and mud.
These experiments showed that analysis cf the struc-
tural pattern produced may establish the t;7pe of stress
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and other factors involved in forming a particular
variety of contorted structure. This type of information
in turn is useful for interpreting the depositional en-
vironment and postdepositional history of certain types
of sediments showing contorted bedding.

Paleogeography

J. H. Stewart has completed a study of the deposi-
tional environment of the upper Precambrian and
Lower Cambrian strata of the southern Great Basin in
California and Nevada. The widespread uniformity of
composition, thickness, and stratification within these
strata indicates that they probably accumulated on a
marine shelf, an interpretation supported by faunal
evidence. The sediments were deposited by strong, ap-
parently tidal currents that flowed dominantly west-
ward as indicated by cross-stratification direction. These
data, combined with compositional studies of the sedi-
ment, indicate the presence to the east of a cratonic
lower Precambrian source terrane of metasedimentary
and granitic rocks.

Textural studies

A. T. Ovenshine and E. D. Pittman, in a study of the
detritus of the Merced River, Calif., related changes
of shape and size distribution of pebbles to passage
through a cataract. Immediately downstream from the
cataract, the abundance of intermediate-size (8-32 mm)
clasts declines, the incidence of broken round clasts in
this size range increases, and the overall roundness of
the clasts decreases. These results are interpreted by the
following hypothesis of the mode of transport through
the cataract: intermediate-size pebbles saltate with
enough momentum to break upon collision with boulders
in the streambed, whereas larger pebbles move by roll-
ing-sliding traction and smaller pebbles are carried in
suspension.

A computer program has been written by H. A.
Tourtelot to generate the size-frequency distribution,
the cumulative size-frequency distribution, and the
statistical parameters of the distribution for grain-
size analysis of a gravel or conglomerate in which the
material finer than about 8 mm is independently ana-
lyzed from a split of the original sample. Sieve weights
are the input data.

Compositional studies

The origin of dolomite beds in the Miocene Mon-
terey Shale of California is indicated by the carbon-
isotope composition of the dolomite. K. J. Murata,
Irving Friedman, and B. M. Madsen found that carbon
in many of these beds is abnormally rich in C*. The
most likely process for producing such heavy-carbon
carbonate calls for isotopic-exchange equilibration be-
tween carbonate and methane. In this equilibration, C**
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concentrates strongly in the carbonate. The dolomites
thus are diagenetic, a byproduct of subterranean proc-
esses that convert sedimentary organic matter into nat-
ural gas and petroleum; their extraordinary isotopic
composition throws new light on the various chemical
equilibria involved.

FLUVIAL SEDIMENTATION

The erosion of sediment within river drainage ar-as,
the movement of the sediment through stream chanrels,
and the deposition of the sediment along streams and
in other bodies of water is of great economic importance
to society even though many of the sedimentation proc-
esses are related to or are a part of natural phenomena.
Unfortunately, much damage is unnoticed because it
occurs rather slowly. Therefore, the direct, and most
certainly the indirect, economic significance of fluvial
sedimentation is usually ignored except where poss‘ble
corrective action is needed.

In a chapter of a manual for sediment engineering,
in preparation by the American Society of Civil Ergi-
neers, Thomas Maddock, Jr., describes some aspects of
the economic significance of fluvial sedimentation.
Most of the available information regarding erosion
is in terms of loss of plant nutrients, the increased
cost of land tillage, channel degradation, and loss of
land by shore and streambank erosion. The cost of deps-
ited sediments involves maintenance or loss relative to
infertile material on flood plains, storage in reservoirs,
channel aggradation, harbors, water-supply systems,
hydropower turbines, transportation facilities, the fish
and oyster industry, and wildlife and recreation aras.

EROSION AND SEDIMENT YIELD

Impact of urban construction

A comparison by W. J. Davis and T. H. Yorke of
data from two basins in the Maryland part of the Wesh-
ington metropolitan area (Rock Creek and Anaco-tia
River) for an “annual flood” indicates that the sedirrent
yield for the area under actual development (10 per-
cent of the basin area) was approximately 26 tons per
acre (1,720 tons per sq mi). The yield from a nearby
primarily rural basin receiving nearly identical rein-
fall from the same storm was about 0.2 ton per acre or
only 0.77 percent as much.

Effect of modifying vegetative cover

According to L. M. Nelson the sediment yield of the
41.1-sq-mi Wynoochee River basin, measured at the
gaging station near Grisdale, Wash., for the 1966 weter
year was 3,100 tons per sq mi, of which about one-third
was transported as bedload below the suspended- |
sediment sampling zone. The record also shows that 80
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percent of the sediment moved from the basin during
one rainy period, December 12-19, 1966. Nelson believes
that the sediment instability and high erosion rates
are caused mostly by man’s activity in removal of the
forest cover and by road construction.

Effect of glaciation

On the basis of a preliminary analysis of sediment
yields in the Susquehanna River basin, K. F. Williams
reports that the yield from the glaciated part of the
basin is highly variable and shows little relationship to
land use. However, in the unglaciated parts of the
basin, land use has been shown to be a significant factor
controlling the amount of sediment yield.s

Effect of soil texture and parent material on particle size

According to R. F. Flint the St. Marys River near
Fort Wayne, in northeastern Indiana, which drains an
area of silty-clay loams and clay loams developed from
fine-grained glacial till, yielded suspended sediment
with an average particle-size distribution of 2 percent
sand, 12 percent silt, and 86 percent clay. In contrast,
Raccoon Creek near Fincastle, in western Indiana,
which drains an area of silt loams developed from
medium-grained glacial till and loess, yielded an aver-
age particle-size distribution of 38 percemt sand, 51
percent silt, and 46 percent clay.

SEDIMENT TRANSPORT

Movement of boulders and cobbles

In a theoretical analysis E. J. Helley found, by bal-
ancing the forces of fluid flow with the resisting forces,
that shape, density, and angle of repose are important
factors controlling the initiation of motion of boulders
and cobbles. The calculation of a theoretical bottom
velocity from consideration of particle character and
initiated motion matches the measured bottom velocity
at Blue Creek near Klamath, Calif. Helley also suggests
that the step length of large-size particles is greatly
affec\ted by the shape of the particles.

Effect of streambed configuration

Field studies of sediment movement in streams by
V. C. Kennedy and R. E. Rathbun indicated that 0.3-
mm quartz fluorescent-tracer particles were transported
about 30 fpd along the streambed when the flow veloc-
ity was 2 fps and the bed had a dune configuration.
In contrast these same particles moved 30,000 fpd
where the streambed was flat and the mean flow velocity
was 5 fps. It is further noted thatthe transport
rates were not of the same ratio as the ratio of these flow
velocities; this is because, for the dune condition, the

58B. L. Jones, 1966, Effects of agricultural conservation practices

on the hydrology of Corey Creek basin, Pennsylvania, 1954-60: U.S.
Geol. Survey Water-Supply Paper 1532-C, 55 p.
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movement occurred throughout the layer of the moving
2-foot-high dunes, whereas for the firm flat bed con-
dition, the layer of particle movement was only a few
grain diameters thick.

Effect of sand-wave properiies

C. F. Nordin, Jr. (r1939), reports that if the sound-
ing records of ripple and dune-bed configurations in
sand channels are standardized to account for scale, the
statistical properties of all sand-ripple and dune waves
are similar regardless of size of channel. He also noted
that the profiles of sand waves can be approximately
represented as stationary Gaussian processes with
parameters that relate to flow characteristics. These
findings make the sand-wave bedload equation devel-
oped by Simons and others for ripples and dunes more
applicable.®

Effect of particle size

In a series of flume experiments with radioactive-
tracer sand particles, W. W. Sayre and Tsung Yang
found that, for both ripple and dune-bed conditions,
fine sand particles are transported and dispersed more
rapidly than coarse or medium particles. There was
little difference in behavior between the ccarse and the
medium-size particles. They also found that the one-
dimensional form of the stochastic model for the trans-
port and dispersion of bed-material particles (W. W.
Sayre and W. J. Conover, r0708) can be obtained as a
special case of the more general conservation of mass
equations for the transport, deposition, and reentrain-
ment of suspended sediment particles (W. W. Sayre,
r2172). This relationship may prove to I useful for
predicting properties of the step-length distribution
function for particles in the stochastic model from
known hydraulic and sediment-transport data.

Relation between eddy diffusion and particl~ fall velocity

In several experiments in a flume with a very rough
boundary, H. E. Jobson and W. W. Sayr> found that,
although the value of the vertical turbulent mass-
transfer coefficient for a soluble dispersant i~ slightly less
than the value of the momentum transfer coefficient,
both are distributed approximately parakolically over
the depth of flow. Analysis to date indicates that the
value of the mass-transfer coefficient for su~vended sand
particles is somewhat lower than for soluble materials
and tends to decrease further with increesing particle
size. They also found that the average fall velocities of
sand particles in turbulent flow agreed well with fall
velocities of like particles in still water for values of
the Rouse number as large as 3. This to some extent

& ], B. Simons, E. V. Richardson, and C. F. Nordin, Jr., 1965, Bedload

equation for ripples and dunes: U.S. Geol. 'Survey Prof. Paper 462-H,
9p.
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contradicts the results of Loyacano ¢ who, by a some-
what different experimental technique, found that fall
velocities in turbulent flow were significantly larger
when the Rouse number was somewhat larger than 1.

Evaluation of experiments in open flumes

By extensive measurements H. P. Guy, R. E. Rath-
bun, and E. V. Richardson compared the flow and
sediment-transport results of the two major types of
sediment feed systems for flume operations (H. P.
Guy and others, r0791; R. E. Rathbun and H. P. Guy,
r0707). The flume used was 20 cm wide and 10 m long,
and could easily be converted from the commonly used
recirculation system to a mechanical-feed system. Equi-
librium-flow and transport conditions were not signifi-
cantly different for the two methods of operation.
As logically expected, when nonequilibrium conditions
were induced at constant water discharge, it was found
that changes in the tailwater depth or sand-bed slope
resulted in new equilibrium conditions for the recircula-
tion system, whereas the feed system returned to the
hydraulic and sediment transport conditions existing
before the change. Also, when the sediment load was
changed, new equilibrium conditions were established
for both systems.

Evaluation of tracer-dye loss

The loss of fluorescence of Rhodamine WT and
Pontacyl Pink B dye on naturally occurring fine sedi-
ment in a fine sediment-water dispersion from the Rio
Puerco near Bernardo, N. Mex., was investigated by
C. H. Scott, V. W. Norman, and ¥. K. Fields. A pipet
analysis of the sediment showed 99.9 percent to be finer
than 62.5x and 85.6 percent finer than 4u. Dye concen-
trations ranged from 1.5 to 20pg/l in sediment con-
centrations ranging from 650 to 22,500 mg/1.

The results showed that for both dyes all the loss
occurred in less than 30 minutes and was dependent on
the concentration of sediment and independent of the
concentration of dye. The loss of fluorescence was negli-
gible for concentrations of less than 500 to 600 mg/1 of
fine sediment. The loss of Pontacyl Pink B increased
more rapidly in increasing concentrations of sediment
than did the loss of Rhodamine WT.

SEDIMENT DEPOSITION

Deposition from Mississippi River water

Since 1955, the water requirements for a pumping
plant at Donaldsonville, La., have necessitated transfer
of sediment-laden water from the Mississippi River to
Bayou Lafourche. Measurements of the sediment de-
posited in the bayou were made by defining previous

¢ J, N. Loyacano, 1967, Fall velocity of sand particles in turbulent
flume flow : Colorado State Univ., M.S, thesis, 76 p.

All15

channel sections with a gamma ray probe. The volume
deposited as measured with the probe compared closely
with the volume as determined from suspended-sedim=nt
data for the intake water from the Mississippi River.
From these data W. H. Doyle, Jr., made predictions of
how and when the channel for Bayou Lafourche may
be stabilized.

GLACIOLOGY

Glacier dynamics

Extraordinarily large movements of glaciers (glacier
surges) of up to 10 km a year have been observed in
Alaska, Yukon, and British Columbia by Austin Post.
An aerial-photograph study was made during 1967 of
thousands of glaciers in the western mountains of the
conterminous United States and Canada and in Alaska.
The study disclosed 152 possible surging glaciers in
portions of the Alaska Range, northeast Wrangell
Mountains, Icefield Ranges, and the St. Elias Mountains
near Yakutat and Glacier Bay. No apparent association
of these surges with climate, topography, geology, or
size of glacier has been found; a possible association
with some of the large fault-related valleys suggests
however, that abnormal heat flow, bedrock permeability,
or perhaps some other bed phenomenon is responsible
for these unusual glacial advances.

The implications of glacier surges are far reaching
and have attracted worldwide interest. One theory has
been proposed in which a thinning and surging Ant-
arctic icecap caused the earth’s major ice ages. J. C.
Behrendt has made additional measurements of the
gravity difference between McMurdo Sound and the
South Pole and has calculated a gravity increase of
0.11 mgal/yr at the South Pole station for the period
1957-66. A possible explanation for the increase is that
the icecap at the South Pole is thinning at a rate of
about 40 cm/yr. If this is true, it is in contrast to cur-
rent knowledge which suggests that the Antarctic ice-
cap is in an equilibrium state.

In the first tractable numerical model for three-
dimensional, time-dependent glacier flow, developed by
W. J. Campbell and L. A. Rasmussen, some charac*er-
istics of glacier surges were reproduced by varying the
bed-friction coeficient. The model, which is based on
a viscous flow law and a linear relation of bed stres+ to
flow, forms a three-dimensional glacier with a two-
dimensional flow field. The input is an arbitrary net-
balance versus altitude function applied to an arbitrary
bed configuration. The solution shows many features
observed on real glaciers and, by varying the net-
balance input, traveling waves such as those observed
on the Nisqually Glacier are generated.

M. F. Meier, in a calculation of the flow dynamics of
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Nisqually Glacier, Wash., utilized known surface ve-
locities, surface altitude, and surface-slope data for a
23-year period and determined yearly values of shear
stress and bed slip. These values suggest that existing
theories of bed slip cannot be correct or that it is im-
possible to calculate stress in a flowing glacier according
to simple two-dimensional statistical techniques.

Glacier hydrology and mass balance

The mass balances of four glaciers being studied dur-
ing the International Hydrological Decade were
measured and computed during 1967 (Gulkana and
Wolverine Glaciers, Alaska, L. R. Mayo; South Cas-
cade Glacier, Wash., W. V. Tangborn ; Maclure Glacier,
Calif., D. R. Scully). The Alaskan glaciers had very
negative balance due, in part, to the low snow accumu-
lation during the previous winter. Mayo also reported
on the high values of runoff from the glaciated Alaskan
Range, which produces 10 times more runoff than the
adjacent lowlands. The winter-snow accumulation on
South Cascade Glacier during 1966-67 was near the
highest on record. A long, warm summer followed, with
high melting rates and little precipitation. The result
was a —0.50 m balance and a very high exchange (winter
accumulation plus summer ablation). The 1967 mass-
balance computation for South Cascade Glacier was
repeated using techniques developed by Randi Pytte of
Oslo, Norway, for Norwegian glaciers. The Maclure
Glacier, in Yosemite National Park in California, had
a very high winter-snow accumulation and a low
summer-ablation rate. The resulting balance of +1.21
m of water is undoubtedly abnormal for this glacier.

Another unusual glacier phenomenon is the sudden
outburst flood (jékulhlaup) from a glacier. D. R. Rich-
ardson (p. D79-D86) has studied eyewitness accounts
of glacier floods from Mount Rainier glaciers and has
concluded that the floods were due to the abrupt release
of water accumulated within the glaciers. Some jokulh-
laups were associated with the occurrence of heavy
rains, but no direct clamatic cause could be found for
others.

Long-term glacier variations

W. V. Tangborn computed the ice and snow storage
changes of glaciers in the Thunder Creek drainage
basin, Cascade Mountains, Wash., for the period 1920
65 by using hydrologic and meteorologic data from low-
altitude stations. The purpose of the computations was
to extend the record of glacier mass balances in the
mountain range in order to better understand the cli-
matic conditions which determine a glacier’s balance.
The resulting balances agree with the balances actually
measured on two glaciers, one in the Thunder Creek
basin and the other in the nearby Cascade River basin.

GEOLOGIC AND HYDROLOGIC PRINCIPLES, PROCESSES, AND TECHNIQUES

Photographs of Nisqually Glacier have been taken
over a 24-year period by F. M. Veatch, and he has ana-
lyzed them to determine their usefulness as an adjunct
to glaciological studies. The photographs clearly show
changes in length, extent, and activity of the glacier
during this period. Changes in surface slope and
changes in thickness at one cross profile me~sured from
these photographs agree well with values cerived from
maps and stadia surveys. Crevasses, debris patterns,
erosion of bedrock walls, and the effects of outburst
floods on the stream channel below the glacier can be
defined from the photographs. However, snowline alti-
tudes could not be successfully determined on this
rough glacier using these ground-station photographs.

PALEONTOLOGY

Research by paleontologists of the U.S. Geological
Survey involves biostratigraphic, taxonomic, and phyl-
ogenetic studies in a wide variety of plant and animal
groups. The results of this research are applied to spe-
cific geologic problems related to the Survey’s program
of geologic mapping and to application of the mapping
to synthesis of the geologic history of North America
and the surrounding oceans. Significant results of pale-
ontologic research attained during the pas’ year, many
of them as yet unpublished, are summarized in this
section by major geologic age and area.

Many paleontologic determinations are carried out
by palentologists of the Geological Survey in coopera-
tion with Survey colleagues. The results of these investi-
gations are reported elsewhere in this report and are
generally listed in the index as the entries “paleontol-
ogy” or “stratigraphy” under names of States.

PALEOZOIC OF THE UNITED STATES

Cincinnati arch pelecypods

Acid etching of silicified Ordovician limestone from
the Cincinnati arch area continues to yield new and valu-
able pelecypod speciments. Complete specimens of many
species have been recovered. One of the mcst important
recent finds has been the first known examples of the
archaic pteriacean pelecypod Palacopteria Whiteaves
in the United States; specimens ofthis genus came from
the upper part of the Lexington Limestone of Kentucky.

Ordovician pelecypods are not well krown largely
because of the poor preservation of originally aragonite
shells, and as a result, they have been little used for
correlation of Ordovician strata. The new silicified ma-
terial is providing significant insights into the biostra-
tigraphy of the group, and the Cincinnati arch section
will provide a standard to which other Ordovician



PALEONTOLOGY

rocks in the eastern United States can be compared
when their pelecypods become better known. John Po-
jeta, Jr., recognizes seven Ordovician pelecypod phyletic
lines to which almost all younger pelecypod groups can
be related. Because these seven lines represent the pri-
mary radiation of the class they can be taxonomically
treated as subclasses.

Rugose coral zonation

Rugose corals associated with stromatoporoids in
strata spanning the Silurian-Devonian boundary in
eastern New York (Cobleskill, Rondout, and Manlius
Formations) define a succession of zones that may be
of value for regional correlations. According to W. A.
Oliver, Jr., some of the corals are found in the same
approximate stratigraphic positions as far south as
Maryland, Virginia, and West Virginia (Keyser For-
mation) and as far north as Maine and Quebec.

Late Silurian brachiopods and ostracodes

Brachiopods and ostracodes from the Cobleskill Lime-
stone, the youngest fossiliferous Silurian formation in
central New York, have been studied by J. M. Berdan.
One species of brachiopod and 14 species of ostracodes
are new. Three ostracode genera known hitherto only
from Europe are reported from North America for
the first time. The brachiopods and ostracodes reinforce
the correlation of the Cobleskill with part of the Rond-
out Limestone (Silurian and Devonian) of the Hudson
Valley, the Decker Limestone of New Jersey, and the
Eccentricosta Zone of the Keyser Limestone (Silurian
and Devonian(?)) of Pennsylvania, Maryland, Vir-
ginia, and West Virginia.

New light on some mydocopid ostracodes

I. G. Sohn collected myocopid ostracodes having pe-
culiar radial markings in Lower Pennsylvanian rocks
of Kentucky. These markings have been used to dis-
criminate the following species: Elpezoe radiata (Ul-
rich), of Ordovician age, and Oypridina radiata Jones,
Kirkby, and Brady and €. aciculata Scott and Summer-
son, of Pennsylvanian age. Preliminary study indicates
that the markings are secondary in origin and should
not be used for classification. The Pennsylvanian speci-
mens are abundant and large enough to be recognized
with a hand lens in the field and make excellent strati-
graphic markers for field mapping.

Ordovician conodont zones recognized in Nevada

J. W. Huddle has tentatively recognized three cono-
dont assemblage zones in collections made by R. J. Ross,
Jr., from the Antelope Valley Limestone of the Pogonip
Group in Nevada. The lowest zone contains three abun-
dant multiple-element species of Multioistodus, and
Oistodus, and species of Chosonodina and Histiodella.
These conodonts have previously been reported from
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the Oil Creek and Joins Formations in Oklahoma and
occur in the Whiterock Stage in Nevada. Species of
Multioistodus range through the Marmor and Ashby
Stages (Dutchtown Formation of McQueen (1937)¢) in
Missouri. The middle assemblage zone is characterized
by Erismodus and the upper one by Polyplacognathus
and Phragmodus. These two assemblages probably be-
long in the late Ashby and early Porterfield Stages.

Mississippian corals from Alaska

A. K. Armstrong has completed a study of the ] Tis-
sissippian rugose coral fauna from the Craig-Klawak
region of the Prince of Wales Island, southeast Alaska.
The Mississippian limestones contain a large and diver-
sified fauna of colonial corals of which approximately
50 percent have been described previously. The
following genera are recognized: Lithostrotion (8i-
phonodendron), Diphyphyllum, Lithostrotion<lla,
Thysanophyllum, and Sciophyllum. The coral feuna
suggests an age equivalent to the Mount Head Forma-
tion of western Canada and to Sando’s zones D and F in
the Mississippian System of the western United States.

Conodont pairs recognized in California, Nevada, and
Oklahoma

Idiognathoides sinuata Harris and Hollingsworth
and Idiognathiodes corrugata (Harris and Hollings-
worth) occur in approximately equal numbers in racks
of Pennsylvanian age in Elko County, Nev., in the
Bird Spring Formation (Mississippian, Pennsylvarian,
and Permian), southeastern California, and in the
Wapanucka Limestone of Pennsylvanian age, Johnson
County, Okla. Previously these species have beer re-
garded as unpaired asymmetrical conodont elements and
originally referred to different genera. J. W. Hu-dle
regards the “two species” as slightly asymmetrical
paired elements; left-hand forms are /. sénuata, and the
right-hand forms are /. corrugata. The occurrence of
other pairs of “species” in /diognathoides and related
genera should be looked for. Unpaired conodont ele-
ments are rarer than previously thought.

Late Paleozoic flora and fauna from New Mexico

A significant collection of fossil plants and other or-
ganisms was made by S. H. Mamay and A. D. Watt at
a presumably Late Pennsylvanian locality in the Man-
zano Mountains, southeast of Albuquerque, N. Tfex.
The fossiliferous rocks lie in the upper part of the
Madera Limestone and contain an intimate and rich
association of plants, invertebrates, and fishes. Several
new plant taxa were found, including a putative gink-
gophyte with twice-forked, needlelike leaves nearly 3

et H, S. McQueen, 1937, The Dutchtown, a new Lower Ordovician
formation in southeastern Missouri: Missouri Geol. Survey and Water
Resources 59th Bienn. Rept., app. 1, p. 12-25.
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feet long. Also present is a specimen of a cycadeoidlike
frond, suggesting a precursive Mesozoic element in the
flora, which otherwise appears to be a typically Late
Pennsylvanian assemblage. Associated animals in this
collection include a scorpion, a new pleuracanth fish,
several isopodlike crustaceans, and an insect wing.
Pectenoid clams are abundant throughout the beds,
and several examples of neuropterid pteridosperm
fronds carrying sessile juvenile forms of these clams
were found, as well as several spat falls.

New Lower Permian plants

S. H. Mamay interpreted a suite of seed-bearing struc-
tures from several Lower Permian outcrops in Texas,
Kansas, and Oklahoma as the megasporophylls of the
oldest known Cycadales. Previously, true cycads were
not known in rocks older than Late Triassic. Two new
genera, both morphologically similar to megasporo-
phylls of the living genus Oycas, are present. These are
postulated as being evolutionary derivatives of the
Late Pennsylvanian genus Spermopteris, a fertile form
of Taeniopteris—a hypothesis supported by the con-
sistent association of T'aeniopteris foliage with both the
new Permian forms and Triassic cycads.

Additional specimens of a loose, conelike plant struc-
ture with coarsely ribbed, fanlike appendages are rec-
ognized as a new genus, of unknown affinity. These occur
in the Lower Permian Belle Plains and Vale Forma-
tions of north-central Texas. Characteristics of detached
appendages render them easily identifiable and poten-
tially useful as Leonard guide fossils.

MESOZOIC OF THE UNITED STATES

Molluskan assemblages from Delaware and Maryland

A shallow-water nearshore molluskan fauna collected
by N. F. Sohl from the Upper Cretaceous Englishtown
Formation along the Chesapeake and Delaware Canal
in Delaware is the first diversified fauna to be discov-
ered in this normally unfossiliferous unit. Sohl, along
with L. C. Conant, J. P. Owens, and Z. S. Altschuler,
also collected similar fossils from the Marshalltown
Formation along the Sassafras River in Maryland, thus
extending the known distribution of this fauna to the
eastern shore of Chesapeake Bay.

Paleoenvironmental interpretation of Pierre
Shale Foraminifera

Paleoenvironmental analysis of Foraminifera from
the Upper Cretaceous Pierre Shale by J. F. Mello, has
shown that the foraminiferal assemblages are not com-
parable, even at gross levels, to any likely recent en-
vironments. Analysis of published reports from this
region indicates that anomalous or unconventional as-
semblages are characteristic of shale units from the
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western part of the Cretaceous seaway of the western
interior. Possible explanations include modifications in
the environmental preferences of foraminiferal genera,
supplemented by post-Cretaceous evolution of new taxa,
and the presence of truly unusual environmental condi-
tions within the Cretaceous seaway. First s‘eps toward
the solution of this problem include summarizing what
is presently known about Cretaceous foraminiferal
faunas, more intensive study of faunas from the central
and eastern regions of the seaway, and integration of
foraminiferal data with what can be learned about Cre-
taceous environments from other fossils.

Relationships and diversity of western-intevior snails

A synthesis of the Late Cretaceous gastropods of the
western interior, by N. F. Sohl, has revealed that these
assemblages are closely related to coeval fsunas of the
Gulf Coastal Plain and are not endemic, as had been
thought previously. During early Late Cretaceous
(Cenomanian) time, a common fauna existed in both
areas, and this condition persisted until the Coniacian.
The tendency for development of an endemic post-
Coniacian western-interior fauna was constantly modi-
fied by migrants from the Gulf region which seldom
ranged farther north than Colorado and by northern
migrants that rarely reached as far south as New
Mexico.

In gross aspect, diversity of the snail fauna is related
to sediment type; nearshore sands contain the greatest
diversity, whereas offshore finer grained ard carbonate
sequences contain a lesser diversity. In pre-Santonian
deposits, a marked increase in diversity i~ coincident
with times of maximum transgression.

Dimorphism in western-interior ammonites

Scaphites leei and Scaphites hippocrepis are among
the more common and widely distributed ammonites in
the western interior rocks of late Santonian to early
Campanian age. W. A. Cobban has found that each
species can be subdivided into several stratigraphically
useful forms and that populations at any level can be
divided into morphologic types that are bes* interpreted
as sexual dimorphs.

CENOZOIC OF THE UNITED STATES

Pliocene foraminifers of lower Colorado River

Foraminifera of probable Pliocene ag> have been
identified by P. B. Smith from along the lover Colorado
River in southern California and Arizona. The foram-
inifers, which occur in green and blue clays as much as
700 feet thick intercalated in continental deposits,
afford new insight into the palecenvironment of this
area.

In the north, near Parker, the marine section is thin
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and contains only two species, Ammonia beccarii and
Rosalina columbiensis. To the south, the section thickens
and contains these species as well as Eponidella pal-
marae, Elphidium cf. E. gunteri, Bolivina subexcavata,
Quinqueloculing sp., and Globigerina sp. Furthermore,
in the Yuma area, an older fauna, consisting of abun-
dant globigerinids, Planulina sp., Uvigerina sp., and
Bolivina interjuncta, is found in addition to those listed
above.

The similarity of these faunas over such a wide area
and through relatively thick stratigraphic sections
strongly suggests deposition in a marine embayment.
This would agree with the Pliocene paleogeography of
this region as described by Durham and Allison,® who
postulated that such an embayment existed at the head
of the Gulf of California, which extended up into the
present Imperial Valley and Colorado River basin.

Giant bison from Colorado

A second horn core of a giant bison has been reported
from the Louviers Alluvium of Bull Lake age near
Canon City, Fremont County, Colo., by G. R. Scott and
G- E. Lewis. Measurements indicate that the horn cores
of the original skull extended about 7 feet from tip to
tip. On this basis the specimen is identified as Giganto-
bison latifrons, the largest known species of bison. This
species has previously been considered as old as Yar-
mouth and as young as Sangamon, but the Louviers
Alluvium occurrence extends its age range into Bull
Lake time.

Origin of arvicoline rodents

C. A. Repenning’s review of the jaw musculature of
the living arvicoline (meadow mice and related forms)
and cricetine (hamsters and related forms) rodents has
revealed diagnostic chewing specializations in the two
subfamilies. Lower jaw configurations are of consider-
able aid in classifying Pliocene members of these prob-
lematical rodents, and this study has aided in recogni-
tion of the cricetine ancestry of the arvicolines. The
arvicolines evolved rapidly throughout the Pleistocene,
and a knowledge of their evolutionary trends places
these rodents among the most significant Pleistocene
guide fossils in the Northern Hemisphere.

Rocky Mountain palynology

B. D. Tschudy and E. B. Leopold have completed a
taxonomic and stratigraphic study of selected compo-
nents of Aquilapollenites (Rouse) Funkhouser, a genus
of angiospermous pollen. Seventeen taxa are treated, in-
cluding 5 new species and 3 new varieties. The genus is

% J. W. Durham and E. C. Allison, 1960, The geologie history of Baja
California [Mexico] and its marine faunas, in Symposium—The biogeog-

raphy of Baja California and adjacent areas—Pt. 1, Geologic history :
Systematie Zoology, v. 9, no. 2, p. 47-91.
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shown to have a stratigraphic range extending from the
lower Campanian through the middle Paleocene in the
Rocky Mountain region.

OTHER PALEONTOLOGICAL STUDIES

Foraminifera as temperature indicators

P. B. Smith (USGS) and Cesare Emiliani (Univ. of
Miami, Fla.) have compared O*¢/O* temperature meas-
urements of benthonic Foraminifera with observed
temperature ranges off Central America. Monospe~ific
and multispecific samples from depths of 47 to 885
m were analyzed, and a close agreement between iso-
topic and observed temperatures was found.

Computer aid for study of fusulinid variation

R. C. Douglass aided by N. J. Cotner and the Com-
puter Center Division has developed a computer pro-
gram for handling large numbers of measurements of
fusulinid Foraminifera. Measurements made at the
various volutions of growth are converted to inter-
polated values for designated standard radii, thus
providing meaningful comparisons with other speci-
mens. Statistical summaries of the converted data
are made for samples or groups of samples. The
programs have been applied to a suite of samples
from a limited stratigraphic interval in West Pakistan,
and more meaningful descriptions of the fusulinid taxa
and their morphologic variation are now possible.

Miocene depth fluctuations at Midway Atoll

Early Miocene smaller Foraminifera have been found
near the bottom of a deep drill hole on Midway Atoll
by M. R. Todd and D. L. Low. The bottom of the bore-
hole is in basalt at about 1,200 feet. A fauna consisting
chiefly of miliolid and paneroplid Foraminifera was
found at 1,186 feet and suggests reef or shallow water
deposition. A second fauna, 21 feet higher in the
sequence, at 1,165 feet is dominated by specimers of
bolivinid and buliminid Foraminifera suggesting dep-
osition in moderately deep water.

First middle Eocene larger Foraminifera from Panama

Samples submitted by geologists of the U.S. Army
Corps of Engineers from sites along one of the prog osed
routes of a new sea-level canal in Darien Province,
Panama, have yielded well-preserved specimens identi-
fied by K. N. Sachs, Jr., as Lepidocyclina (Polylepi-
dina) antillea in association with several species of
Discocyclina and Astrocyclina. This larger foramini-
feral association is characteristic of middle Eocene de-
posits elsewhere in the Caribbean area. These collections
represent the first unequivocal Tertiary larger foramini-
feral fauna older than upper Eocene from Panama.
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Contribution to stratigraphy and structure of north-
western Jamaica

Collections made by the late C. T. Trechmann in the
Lucea and John’s Hall areas of Jamaica were submitted
to N. F. Sohl by L. W. Chubb, of the University of the
West Indies, for identification. These collections formed
the basis for Trechmann’s published conclusions that
the Eocene Richmond Beds or Carbonaceous Shales
occurred widely west of the Wagwater Belt. The collec-
tions contain distinctive gastropods such as 7Trajanella
Popovici-Hatzeg and “ZTurritella” cf. 7. cardenesis
Boese that suggest a Late Cretaceous (Campanian) age.
These findings support Chubb’s contention that no
Richmond Beds are present west of the Wagwater Belt,
and remove the necessity for a complicated structural
interpretation of the Sunderland Inlier stratigraphic
section.

Variation in corals

Study of colonies of rugose corals by W. A. Oliver,
Jr., indicates that for certain characters, intracolony
variation may be much less than intercolony variation
and suggests that such characters are closely controlled
genetically. In one colony, septal number is bimodally
distributed, with the corallities of each mode predomi-
nating in different parts of the colony. This seems to be
an example of a colony with two genotypes, possibly
owing to a genetic accident but more likely formed by
the ‘intergrowth of adjacent colonies.

GEOMORPHOLOGY

Hydrological
studies

events determined from archeological

Prehistoric Pueblo Indian ruins on the terraces of
the San Juan River from Bluff, southeastern Utah, up-
stream to the Four Corners bridge show a continuous
occupation from about A.D. 700 to the late 12th cen-
tury. Distinctive pottery types, made and used in
periods of time identifiable by a tree-ring study of asso-
ciated specimens of wood, provide fairly accurate
dating of individual ruins. The location, construction,
and length of occupancy of some of the sites provide
some evidence of local changes in geomorphology and
fluctuations in climate for the centuries in question and
even to the present. Three noteworthy observations have
been made by Deric O’Bryan:

1. A flood such as the Cottonwood Wash flood, which
destroyed two-thirds of the town of Bluff in 1911, can
be expected only once in over a thousand years.

2. Because the Late Pueblo sites (classic Mesa Verde)
are located on the edge of low cliffs that confine the
channel of the river, the inhabitants would have access
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to water even if the settlements were besieged. This sug-
gests that the drought of 1276 to 1299 was not the only
cause (and perhaps not the major one) of the exodus of
the sedentary Pueblo Indians from the region in the
13th century. Although most of these structures are
large, with 50 or more rooms, the paucity of pottery and
other cultural debris suggests a surpris'ngly short
period of occupancy for the effort involved in the con-
struction of the thick stone walls and the ercavation of
kivas. A logical hypothesis is that encroaching preda-
tory nomads robbed or destroyed the crops to drive out
the Pueblo Indians, perhaps already discouraged by
drought-reduced harvests.

3. The eroded remnant of a Pueblo site near Aneth,
occupied in the late 11th or early 12th century, is par-
tially buried by alluvium. Lateral erosion of the river
terrace has obliterated the debris mound, most of the
southern tier of rooms, and half the kiva of the ruin,
suggesting that locally the bank has been cut back at
least 60 to 100 feet since 1880. This is confirmed by the
relatively youthful growth of cottonwood and other
trees on the present flood plain.

An unusual storm caused severe flooding in parts of
northern Arizona, southwestern Utah, and southern
California during December 3-8, 1966. According to
M. E. Cooley, B. N. Aldridge, and R. C. Euler (anthro-
pologist at Prescott College, Ariz.), the storm caused
at least 13 different mudflows—the first cnes ever re-
ported in the Grand Canyon—and many debris slides.
The mudflows occurred in the upper canycn reaches of
Nankoweap, Lava, Crystal, and Shinumo Creeks in the
north-rim area of the Grand Canyon. Most of the mud-
flows were small; however, two of them—one origi-
nating in Milk Creek, a tributary of Dragon Creek
in the Crystal Creek basin, and the other origi-
nating in Lava Creek in Chuar Creek basin—extended
from the north rim to the Colorado B'ver. Along
Dragon Creek the mudflow apparently destroyed one of
the archaeological sites (mescal pits) survered by Euler
during the summer of 1966 and came within a few inches
of inundating another. The mescal pits wer> used by the
ancient Pueblo Indians about A.D. 110050, thus in-
dicating that storms causing favorable conditions for
mudflows are relatively rare events in the Grand
*Canyon.

Changes in channel morphology

As part of a study to determine flow losses in an
ephemeral stream channel, R. F. Hadley hss established
6 surveyed channel cross sections on a rrach 4 miles
long on San Isidro Wash, near Cuba, northwestern
New Mexico. In the period July 1963 to July 1966 no
large flows occurred in the drainage basin, although
there were several small flows with peak discharges of
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less than 100 cfs. In that 3-year period, the channel bed
was aggraded an average of about 0.7 foot. In August
1967 a flood with a peak of 1,590 cfs occurred, and the
channel bed was scoured an average of 1 foot over the
length of the reach. Thus, as would be expected, aggra-
dation is dominant in years with small flows when flow
losses are high and, conversely, channels are eroded in
years with high flows.

J. J. Hickey, in a study of the drainage basin of
northwestern California, used low-water streamflow
measurements to calculate streambed elevations near
gaging stations. The average depth to water was sub-
tracted from the gage height of the water surface to
give average streambed elevation with reference to gage
datum. The greatest change in streambed elevations
generally occurred between the low-water periods of
1964 and 1965 and ranged from 2.8 feet of scour to 13.0
feet of fill. At 25 of 51 stations the change in streambed
elevation exceeded 1 foot, and at all but 9 of the 51 sta-
tions the change represented fill. Most of the fill ma-
terial probably entered the streams from bank erosion
and landslides associated with the December 1964 flood.
At some of the stations the streambed elevations were
altered in response to manmade as well ag natural
causes. The principal manmade causes were the addi-
tion of sediment as a result of highway construction
along the streams and the removal of sediment for chan-
nel improvement or for commercial sand and gravel
supplies.

The channel of a small stream tributary to San Fran-
¢isquito Creek near Palo Alto, Calif., has undergone
rapid change because of alteration of the flow regimen
after much of the headwater region was paved as the
result of urbanization. Studies by C. R. Goodwin and
J. R. Crippen indicate that steps in the channel profile,
characterized by potholes and their headwalls, are
rapidly receding upstream now that runoff from the
paved areas has brought frequent and relatively high
flows into the channel. A headwall of about 6 feet in
height eroded about 5 feet upstream during the fall and
early winter months of 1967-68. Aerial photographs
indicate that before the upstream urbanization, when
the channel carried only moderate flows of short dura-
tion immediately after bursts of heavy rainfall, no
such rapid changes occurred.

Overland flow on hillslopes

In an investigation of overland flow resulting from
artificial raiufall on natural hillslopes, W. W. Em-
mett has found that the flow responds to the downslope
increase in discharge by increasing its depth and ve-
locity. Depth absorbs about two-thirds of the increase
in discharge; velocity absorbs about one-third. For
straight-slope segments investigated in the field, resist-
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ance to flow remains nearly constant in the downslope
direction. Values of Manning’s » were as high as 1.0
and averaged about 0.5, roughly corresponding to a
Darcy-Weisbach friction factor of 100. Overland flow
is characterized by low Reynolds numbers, but the flow
is not truly laminar because of the disturbance of fall-
ing raindrops and the influence of topographic irr~gu-
larities. Such a disturbed flow is capable of eroding and
transporting sediments. No rills were formed by the
flow and it is suggested that resistance to flow developed
in a manner to maintain low velocities and thus low
erosion rates. Such interaction of hydraulic varicbles
supports the concept of dynamic equilibrium among
slopes within a drainage system. A theoretical model
based on most probable statistical concepts was devel-
oped for overland flow on hillslopes, from laminar flow
at the hilltop to fully turbulent flow at some dist~nce

. down the slope. Evaluation of the model for most prob-

able conditions requires that a hillslope must have a
convex upper segment, a straight middle segment, and
a concave lower segment, with the steepness and length
of each slope segment being controlled by the runoff rate
and the initial gradient at the top of the slope. Thus
the shape of each slope profile is related to its climatic
and geologic environment.

Meteorological influences on streams and on soil for-
mation in Sierra Nevada

Reconnaissance observations of the suspended-sedi-
ment load of streams above 4,000 feet in the west-cen-
tral Sierra Nevada were made by R. J. Janda during
1966 and 1967. These observations suggest that during
periods of spring snowmelt, land use has relatively little
effect on the suspended-sediment concentration, and
most of the suspended load is derived from bank erosion
in meadow areas. In contrast, during summer thunder-
storms and intense winter rainstorms of regional extent,
much sediment is derived from roads, trails, and
recently logged areas.

A study by R. J. Janda and P. W. Birkeland of the
clay mineralogy of soils formed on Pleistocene glecial
deposits in the eastern Sierra Nevada suggests that soil
formation in middle and late Quaternary time took place
mostly under climatic conditions similar to the present.
Arkosic till and outwash weathering in this Mediter-
ranean-type climate produces principally halloysite
and illite with some vermiculite in humid areas (rmore
than 30 inches of annual precipitation), illite and kao-
linite with occasional halloysite in subhumid or semiarid
areas, and illite and montmorillonite with minor kaolin-
ite in arid (less than 5 inches of annual precipitation)
areas. Montmorillonite is abundant only in soils that
developed under semiarid to arid climatic conditions
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from deposits containing much detritus from mafic
igneous rocks.

Origin of salt fiats in Chile

Field studies of 20 salars (salt flats) in the Atacama
Desert and Andean Highlands of northern Chile sug-
gest that rock-salt crusts have originated in 2 ways: (1)
by evaporation of Quaternary lakes, and (2) by evap-
oration of ground water and soil moisture near the
ground surface. As evidence substantiating the latter
process, several field observations by G. E. Stoertz and
G. E. Ericksen showed the following: (1) similarity of
color between salt crusts and underlying clastic sedi-
ment, resulting from cementation of loose sediment by
fresh salt; (2) growth of new salt crusts over clastic
sediment exposed in the sides of excavations; (8) dis-
solution of excavated salt blocks and gradual reincor-
poration into an underlying salt crust; and (4) growth
of a new and continuous salt crust over the tops of in-
active dunes that formerly must have moved actively
across an older salt crust. Hollow cones and tubes of salt
similar to features originally termed “salt cups” have
been found on 4 widely separated salt flats, 3 in north-
ern Chile and 1 in the United States. These features are:
(1) a crust of massive halite in the northwestern part of
Salar de Pedernales, Atacama Province; (2) a central
halite crust in the southeastern part of Salar de Ata-
cama, Antofagasta Province; (3) the central part of
Salar de Pintados, Tarapaca Province; and (4) a halite
crust west of Badwater in Death Valley, Calif.

GROUND-WATER HYDROLOGY

Present emphasis by the Geological Survey in ground-
water hydrology is on research on geologic and hydro-
logic aspects of aquifer systems, on applications of
modeling techniques to analysis of ground-water sys-
tems, on flow phenomena in the zone of aeration, and on
hydrologic aspects of ground-water management
through artificial recharge and other management and
conservation practices.

Ground-water-systems analysis

Research related to ground-water-systems analysis
involves both the geologic and hydrologic aspects of
aquifer systems. This work is basic to model simula-
tion and analysis and to water-resources appraisal. R. R.
Bennett and J. D. Bredehoeft are investigating funda-
mental principles of regional hydrodynamics and per-
meability distribution in large aquifer systems. Hy-
draulic and physical parameters are used to produce
functional distribution of permeability in space, a con-
ceptual sedimentation model is being developed, and
the two approaches are being evaluated and compared.

GEOLOGIC AND HYDROLOGIC PRINCIPLES, PROCESSES, AND TECHNIQUES

Continuing studies in California by J. F. Poland and
his associates, discussed fully in the section “Geology
and Hydrology Applied to Engineering and the Public
Welfare,” concern compaction phenomena in areas of
heavy ground-water withdrawals. Currently, special
attention is being given to the effects of cessation of, or
reductions in, pumpage on compaction rates.

In studies similar to the above, and using environ-
mental criteria and basin sedimentation~l features
identified in the Atlantic Coastal Plain, P. 1. Brown is
developing means of predicting gross permeability dis-
tribution in sedimentary aquifers. By application of
modern stratigraphic principles, and through geophysi-
cal-log interpretation, J. N. Payne is comyiling gross-
permeability distribution maps of deltaic and near-
shore marine aquifers of the Gulf coast. Payne’s sand-
percentage and isopach maps of Claiborne Group
(Eocene) rocks in Webb and Atascosa Connties, Tex.,
show a maximum thickness of about 1,900 feet for the
Queen City Sand (Eocene). Patterns of deposition sug-
gest that the sediments composing the Queen City Sand
were brought in mainly by an ancestral Rio Grande
system. A progressive increase in salinity of water in
these sediments (continuing from the underlying Rek-
law Formation (Eocene)) from bottom to top suggests
active flushing by fresh-water leakage from the under-
lying Carrizo Sand (Eocene). The flushing action ap-
pears to be greatest where the Reklaw and Queen City
Formations are mostly sand.

H. J. Hansen has described the Potomac Group
(Cretaceous) strata of the Baltimore-Wasl ington area
as the product of fluvial (stream) and paludal (marsh)
sedimentation. He has related spatial v-riations in
transmissibility to the environmental history of sedi-
mentation of the area. Detailed hydrologic and geologic
mapping by G. C. Faulkner in the Ocala-Silver Springs
area of Florida has added to the understanding of the
systematic evolution of drainage and the distribution of
subsurface solution channels in the Floridan limestone.
R. W. Maclay and coworkers have identified an area of
major ground-water discharge along the eastern edge
of the glacial Lake Agassiz plain in northwestern Min-
nesota. Criteria used to map the flow features included
measurement of increases in point potentials with in-
creasing depth of wells, accumulations of alkali salts on
surface soils, and changes in chemical quality of the
ground water as it moves to the area of discharge.

Broadening applications of simulation te<hniques to
ground-water systems

Research on, and applications of, simulation model-
ing to ground-water systems continued, with a notable
increase in the sophistication of hydrologic problems
being treated by these methods. Although primarily
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used as aids to understanding the hydrology of aquifer
systems, Geological Survey model studies are serving
increasingly as support for conservation and manage-
ment decisions.

Water-level changes predicted by analog model in Snake
River Plain, Idaho

R. F. Norvitch and coworkers report that a recently
devised electric-analog model of the Snake River Plain
aquifer of Idaho can be expected to compute aquifer-
wide water-level responses to ground-water withdraw-
als or artificial recharge with satisfactory accuracy. Be-
cause of complexities in the natural system, local devi-
ations from model results are to be expected. The model
indicates that by cyclically adding 185,000 acre-ft of
water per 3 consecutive months at 4 specific places on
the Snake River Plain, and by making the additions
twice a year, then skipping a year, and repeating this 5
times, water-level rises of up to 5 feet will occur in some
parts of the aquifer. Other parts of the aquifer remain
unaffected by the additions.

Prediction of hydrologic effects of water-management
plans by analog models

P. A. Emery states that the water-table segment of an
electric-analog model of the multiaquifer system of the
San Luis Valley, Colo., is being verified. The artesian
system will be added to the model to help predict hydro-
logic effects of a variety of water-management plans
proposed for the valley.

An analog model has been constructed of the Tucson
Basin hydrologic system in Arizona to evaluate various
ground-water management schemes there also. The
model revealed that in the southern part of the Tucson
Basin, where water levels are at a relatively shallow
depth, about 25 percent of the irrigation water applied
to the land returns to the ground-water reservoir; and,
that about 50,000 acre-ft. of water per year that for-
merly was lost through evapotranspiration is now being
diverted to pumping wells.

New knowledge of coastal aquifer system
from analog model

A preliminary analysis of an electric-analog model
of the coastal plain of Orange County, Calif., suggests
considerable revision of earlier concepts of the acquifer
system. Reevaluation of the data and new information
suggest greater recharge to the system than originally
programmed, because irrigation return water is an im-
portant source of aquifer recharge; apparently it pene-
trates a relatively impermeable bed and reaches the
underlying artesian system. The time period of the
model has been extended back from 1954 to 1945 in
order to establish a stable base of uniform water levels
only minimally affected by pumping or artificial re-
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charge. W. F. Hardt and E. H. Cordes state that a
second model layer will be constructed for an area along
the ocean front in the critical zone for salt-water in-
trusion.

Movement of water in zone of vadose water

Theoretical and laboratory experiments by W. O.
Smith and other workers on the mechanics of infiltration
and downward movement of vadose water are resolving
questions about the relative importance of “film flow”
and “bulk flow” phenomena in the zone of aeration.
Results of experiments, in accord with theory, indicate
that film flow occurs locally at meniscal boundaries,
but that actual transfer of water is by bulk flow in silt
and coarser materials, after moisture deficits have been
met.

Estimates of transmissivity and ground-water compo~ent
of evapotranspiration

R. W. Stallman has made estimates of transmissivity
and net vertical flux across the water table in an alluvial
valley by measuring water levels in arrays of five
wells and then introducing the data into finite-differ~nce
approximations of the ground-water-flow equations.
Preliminary computations of transmissivity and the
contribution to evapotranspiration from the water table
compare well with estimates obtained by pumping tests
and hydrologic-budget studies.

Geologic structural controls of ground-water base-flow
discharge

Integrated studies of geology and ground-water flow
are demonstrating the influence of subsurface structural
features on patterns of ground-water movement and
discharge. In the North Fork River and Bryant Creek
basins of Douglas and Ozark Counties, Mo., structure
is the principal control of ground-water outflow, accord-
ing to John Skelton and E. J. Harvey. Their studies
of sinkhole development and alinement and wrter-
conducting faults in these basins explain significant. dif-
ferences in outflow from the two basins.

A different kind of influence of geologic structure
on ground-water discharge has been identified by I. L.
Oakes, S. J. Field, and L. P. Seegar in the Pine-Popple
River basin of Florence and Forest Counties, "Vis.,
where a buried ridge of Precambrian bedrock exerts
influence on regional ground-water movement. Ground
water flowing eastward through glacial outwash is
forced upward toward the surface along the west flank
of a bedrock “high” with a north-south trend. The
surface effect is to increase the base-flow runoff of
streams on the west flank of the bedrock high.

Gravity and magnetic maps of the valleys of the
Gila River and San Simon Creek, between Globe, Ariz.,
and Rodeo, N. Mex., a distance of approximately 130
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miles, display several buried geologic features that affect
the occurrence and movement of ground water in the
area. Largely on the basis of the gravity map, G. P.
Eaton suggests that the area is divisible into four bed-
rock “basins”, separated by well-defined bedrock sills.
San Simon Cienega, 14 miles north of Rodeo, overlies
one of these sills and is an area where ground water in
the lower aquifer of the valley is forced to the surface.
The deepest of the four basins appears to underlie San
Bernadino Valley, south of Rodeo. Structure of the
- buried bedrock surface is complex in the vicinity of
Bowie, Ariz., where a large magnetic and gravity high,
believed to reflect a buried bedrock ridge, separates two
major gravity lows. The low on the west extends
northwest to San Carlos Reservoir and the one on the
east extends south to Rodeo and San Bernardino Valley.
The axis of this latter low coincides with the axis of
maximum thickness of the blue clay aquiclude, which
separates an upper from a lower aquifer.

Effect of geologic structure on dissolved-solids content
of ground water in Gulf Coastal Plain

Occurrence of fresh ground water in deltaic and
clastic marine sediments in the northern Gulf of Mexico
basin is not generally a function of the Ghyben-Herz-
berg relation. Below the fresh-water zone that is re-
charged by meteoric water, isolated bodies of fresh
water commonly occur in deposits of marine origin at
various depths to about 16,000 feet. P. H. Jones and
R. H. Wallace state that in these settings water salinity

appears to be related to sediment facies, geologic struc- -

ture, hydrologic history, depth, and temperature of the
deposits. Jones and Wallace believe a general freshen-
ing of ground water occurs with depth, beginning at
between 8,000 and 12,000 feet, and that mechanisms
responsible probably include (1) reverse osmosis as
“connate” water escapes through clay beds from ab-
normally pressured aquifer systems that are compart-
mentalized stratigraphically or structurally, and (2)
progressive decrease in the salinity of water expelled
from clay as compaction proceeds with deepening burial.

Thermal characteristics of aquifer systems

Data on the nature of the distortion of the geother-
mal field by ground-water flow near pumping wells were
obtained by Robert Schneider in several States. Using
a thermistor probe accurate to about =+0.01°C, he
made profiles in cased observation wells near pumping
wells. Generally, departures from the natural thermal
profile appear to result from induced upward flow of
warmer water (assumed positive departure) and down-
ward flow of cooler water (assumed negative depar-
ture). Magnitude and direction of these departures de-
pend on the vertical permeability of the rocks above
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and below the withdrawal level. Inflections of the pro-
file were correlated with pronounced discontinuities in
permeability.

In the Sparta Sand (Eocene), at Fordyce in south-
central Arkansas, a negative departure of cbout 0.8°C
from the natural profile was measured near the bottom
of an idle municipal well situated close to a pumping
well. In an extensive piezometric depression in a shal-
low part of the principal artesian aquifer (Tertiary
limestones) at Brunswick, Ga., a positive departure of
about 1.9°C was measured. In the intensively developed
“500-foot” sand (Claiborne Group, Tertiary) of Mem-
phis, Tenn., a positive departure of about 0.8°C was
measured near the bottom of a municipal well, and a
negative departure of about 0.4°C near the top of the
well screen. This profile departed positively more than
1.2°C through the overlying confining beds, suggesting
downward infiltration of warm water from a shallow
source.

Corrosion of water-well casings

Studies by H. L. Heyward of corrosion and encrusta-
tion problems at U.S. Air Force stations in Alaska show
that bicarbonate waters do not appear to corrode the
mild steel of well casings and distribution systems as do
similar waters in warmer climates. The different reac-
tion rates are tentatively attributed to the unusually
low temperature of ground water in Alaska. However,
ground water in shallow aquifers of Alaska is in places
nearly saturated with dissolved oxygen, which increases
the rate of corrosion.

Interaquifer movement of water within wel'~

H. E. Gill and L. D. Carswell report that the practice
of screening several aquifers in a single borehole in the
Potomac-Raritan-Magothy (Cretaceous) artesian aqui-
fer system of eastern New Jersey is creating potential
chloride contamination problems due to internal circu-
lation from one aquifer to another. Detailed geophysical
and hydrologic tests were conducted in an industrial
well field at Courses Landing, Salem County, N.J., to
measure local changes in the salt- and fresh-water bal-
ance in the aquifer system brought on by interaquifer
flow through wells. Measurements with brine trace-
ejector equipment revealed substantial changes in di-
rection and rate of internal flow under pumping and
nonpumping conditions. Under nonpumping conditions
the lowest aquifer has a lower hydraulic head than over-
lying aquifers, and water moves downward in wells to
the lowest zone. Rates as high as 50 gpm have been
measured. However, during pumping, internal flow
may be reversed, which may allow saline water from
below the fresh-water aquifers to move up through the
well bores to the shallower fresh aquifers. In one multi-
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screened well, upward movement of water containing
200 to 350 mg/1 of chloride was measured at a rate of
25 gpm.

Hydrology of crystalline rocks

Investigations of the factors that control the yield of
wells drilled in crystalline rocks continued. In Mary-
land, topographic conditions in the vicinity of the well,
thickness of shallow weathered rock, rock type, and
joint distribution appear to be among the principal
controls. Resistance logs run in wells indicate that
water-bearing zones in crystalline rocks exhibit lower
electrical resistivity than nonproducing zones, a feature
useful in detectmg productive zones.

Pumping tests in the Brunswick Shale (Tmassm) in
Mercer County, N.J., by L. D. Carswell and John Vec-
chioli, utilizing 13 Wells drilled for the purpose, show
that the ground water occurs mainly in discrete zones,
not uniformly throughout the formation. However,
“confining” rocks are not totally impermeable; all 13
wells were affected by ground-water pumpage during
the test, though some wells tapped materials not nor-
mally considered to be water bearing.

Hydrologic aspects of artificial-recharge and waste-
disposal practices

Storage is the most practicable means of evening out
variations in water availabilty from place to place and
time to time. Surface storage sites are becoming scarcer,
placing a premium on discovering where and how un-
derground space can be utilized for water-storage pur-
poses. The effort to exclude pollutants from streams
has stimulated a corollary interest in underground dis-
posal of liquid wastes, raising questions of where and
how underground disposal can be practiced most eco-
nomically and with least harm to the environment.
Growing interest in opportunities for artificial re-
plenishment of aquifers and their utilization for waste
storage is reflected in the current research and applied
studies of the Geological Survey on hydraulics and
physics of the infiltration processes in both the unsatu-
rated and saturated zones, and on biologic and geo-
chemical factors of concern to recharge and disposal
operations.

One region where artificial recharge, if feasible, is
most urgently needed is the High Plains of Texas and
New Mexico, especially the southern High Plains, which
is the most heavily developed section. The ground water
is being “mined” in the sense that practically all the
approximately 7 million acre-ft per yr being pumped
is coming out of storage, and it is only a question of time
until remaining storage will be impractical to develop
at adequate rates and reasonable pumping costs. In
recognition of this, the Geological Survey is conducting
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investigations, at the request of the Bureau of Reclama-
tion, of the technological and hydraulic factors bear-
ing on the feasibility of artificial recharge in the soth-
ern High Plains. C. V. Theis has analyzed the recharge
effects of leaky canal systems, in order to deterriine
the spacing of canals. The Survey is studying the runoff
into the playa lakes that dot the High Plains to evaluate
them as sources of recharge water.

A deep test hole to explore the possibility of storing
fresh surface water in deep coastal plain saline aqui-
fers at Norfolk, Va., is completed. The method of un-
derground water storage in otherwise low-value aqui-
fers may have far-reaching applications in many such
coastal areas where surface storage is difficult and ex-
pensive. 1t is anticipated that the injected fresh water,
taken from surface resources at times of surplus, will
“push back” the saline water, and that a large per-
centage of the injected water will be recoverable or de-
mand. D. L. Brown reported that water samples col-
lected at depths of 850 to 2,500 feet indicate a chlcride
content ranging from 1,000 mg/1 in the shallowest zone
to 27,900 mg/1 in the deepest zone. A recharge test well
is to be drilled, and the initial test hole converted to an
observation well as a part of the recharge experiment.

The chemical and hydrologic effects of low-pH licuid-
waste disposal in a deep limestone aquifer in the vi-
cinity of Pensacola, Fla., are being determined. Waste
consisting mainly of nitric acid, ammonium salts, boric
acid, and a variety of organic acids, nitrites, and ke-
tones, and adjusted to a pH of 5.5, has been injected at
a rate of 2 mgd for the past 5 years into a limestone
aquifer at depths of 1,370 to 1,730 feet below sea l=vel.
Chemical effects were detected in a monitor well ir the
aquifer 1,300 feet from the injection wells about 8
months after injection began. Decomposition of organic
compounds and nitrate reduction are evidenced by evo-
lution of methane and nitrogen gases when water taken
from the monitor well is exposed to atmospheric pres-
sure. A clay aquiclude 220 feet thick overlies the aqui-
fer. Although injection pressures are about 220 psig
and the pressure influence probably extends laterally for
15 to 20 miles, no pressure increase or contaminection
from the waste has been detected above the clay aqui-
clude. Similar tests using liquid industrial waste with a
pH of 3.5 are planned.

SURFACE-WATER HYDROLOGY

Research on the occurrence and movement of surface
water includes the mechanics of the flow process in
stream channels, the simulation of the variation of flow
in time, flood-frequency analysis, and the genersliza-
tion of streamflow data by correlation of flow charac-



A126

teristics with physical and climatic parameters of
drainage basins. The ultimate objective of this research
is to provide methodology for the measurement of flow,
the prediction of time of travel and dispersal rate of
solids and solutes in streams, and the development of
deterministic and statistical models of the variation of
streamflow in time and space under both natural and
manmade conditions.

Mechanics of turbulence

Measurements by E. V. Richardson and R. S. Mec-
Quivey (r0738) of the turbulent characteristics of flow
over hydraulically rough and hydraulically smooth
open-channel flow verified the Navier-Stokes equation
in longitudinal direction. The flow Reynolds number
ranged from 8,000 to 20,000 and mean velocity ranged
from 0.3 to 2.8 fps. The relative turbulent intensities
for flow over the smooth boundary were in agreement
with Laufer's measurements. Power-spectrum analysis
of the turbulence showed that most of the energy was
associated with low frequencies.

Experiments were conducted in an artificially rough-
ened 10-inch conduit by H. J. Tracy, using 34-inch cubes
equally spaced in the conduit periphery as roughness
elements. Various density patterns were tested. Measure-
ments of the mean- and turbulent-velocity distribution
indicate that these velocities are affected by proximity to
a roughness element, but that, in general, these effects
are confined to a region fairly close to the boundary.
As contrasted with smooth-boundary conditions, tur-
bulent-energy scales are not greatly affected by the
addition of roughness elements; the Reynolds number
is of greater importance in the range of Reynolds num-
bers tested (40,000-750,000).

Dispersion in open-channel flow

The theory developed by H. B. Fischer (r2165) for
predicting longitudinal-dispersion coefficients was fur-
ther verified using data from a series of field tests. The
predicted and measured dispersion coefficients agreed
with an error of less than 80 percent in 5 of the 10 tests,
and within a factor of 4 even in a very nonuniform
stream.

Nobuhiro Yotsukura utilized Fischer’s theory in an-
alyzing data collected on the Missouri River in 1966 and
1967. The longitudinal-dispersion coefficients ranged
from 6,000 to 11,000 sq ft per sec. These are by far the
largest values ever reported for a nontidal stream.

Hydraulic roughness of stream channels

The results of a study by J. T. Limerinos suggest
that the bed-material particle size can be used to deter-
mine the hydraulic roughness of stream channels that
are relatively free of extraneous roughness such as bank
irregularities or vegetal growth. Experiments on 11
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California streams defined the Manning romghness co-
efficient, n, for a wide range of discharges and depths.
The values of n were correlated with £/¢/d, in which £
is the hydraulic radius and d is the particle size cor-
responding to 84 percent on the particle-size distribu-
tion curve. The standard error of the corrolation was
about 16 percent.

Analysis of stream-temperature changes

M. R. Collings found that stream-temperature data
may be fitted by the least-squares method by use of a
Fourier (harmonic) series. The first harmonic was
found to define more than 85 percent of the variance for
each of the years analyzed. Mean monthlr tempera-
tures from the first harmonic curves were compared to
the mean monthly temperatures from tlermograph
records at the same site. A regression anclysis of 48
pairs of the synthetic and actual temperature data re-
vealed that the slope of the regression was not signifi-
cantly different from 1, and that the intercapt was not
significantly different from 0, at the 95-pevcent level.
The standard error of estimate of the relation was
1.6°C.

Mapping flood plains

Flood-plain management is becoming an important
tool in the prevention of flood damage. Identification of
the flood plains is thus important to cities engaged in
planning the optimum use of land subject to inundation.

Pilot projects were conducted in 17 States in 1968 to
test several methods of quickly identifying areas sub-
ject to flooding. These areas were outlined on topo-
graphic maps by any one of four methods: (1) aerial
photographs of floods, (2) information on flood stages
or flood profiles, (8) regional stage-frequency relations,
or (4) stereoscopic inspection of aerial photographs.
Flood-plain mapping was completed for about 400
quadrangles. These pilot projects demonstrated that any
of the four methods is feasible, and that flood plains
can be identified at a nominal cost.

Aerial photographs taken during or immediately

after a flood provide the best information on the extent

of inundation. Photographs were obtained for about
200 miles of stream channels in the vicinit;7 of Boston,
Mass., 2 days after the crest of a major flcod in April
1968. The limits of inundation were sharply identified
on black-and-white photographs that were taken at an
elevation of about 3,000 feet.

Streamflow generalization

Four pilot projects on streamflow generalization have
been completed in the Potomac River basin and in parts
of California, Kansas, and Louisiana. The projects ex-
plored the feasibility of defining streamflow as a func-
tion of topographic and climatic character‘stics of the
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river basin. The objectives were to (1) find out how
much general information on streamflow could be pro-
vided by use of streamflow data already collected, in
conjunction with other associated hydrologic data, (2)
find general streamflow relations applicable to ungaged
as well as gaged sites, and (3) apply the findings of
these studies toward altering or improving the present
data-collection system.

The streamflow characteristics investigated were
those most commonly used in hydraulic design or in
hydrologic planning. They included the means and
other statistics of annual and monthly flows, percentage
points on the daily duration curve, low and high flow
volumes for varying durations, and flood peaks. Many
physical and climatic basin characteristics were cor-
related with the streamflow characteristics by means of
multiple-regression techniques. Results show that the
median range of flow can be defined with acceptable ac-
curacy, high flows with lesser accuracy, and low flows
with very little accuracy. The present trend of data col-
lection is in part a shifting of effort from complete rec-
ord collection to collection of partial records at the ex-
tremes of flow, increased emphasis on data collection
for extreme affecting factors (smaller drainage areas,
higher elevations, and so forth), and increased research
on effective factors under low-flow conditions.

Mean streamflow from discharge measurements

Mean flow of a stream is usually computed from a
continuous record of flow at a gaging station. H. C.
Riggs proposed a less costly method consisting of (1)
estimating 12 individual monthly flows from 1 discharge
measurement per month and a concurrent gaging-sta-
tion record on a nearby stream, using a different rela-
tion for each month, (2) computing the annual mean
from the estimated monthly means, and (3) using a re-
lation based on gaging-station records to estimate the
long-term mean from the 1 annual mean. An annual
mean can be estimated within about 10 percent of its
measured value even though both the gaged and un-
gaged streams are affected by diversions and have dif-
ferent runoff characteristics. The method has greatest
utility in the western United States where mean runoff
is not closely related to drainage area.

Streamflow simulation

A physical model of infiltration described by J. R.
Philip has been adapted by R. W. Lichty to the prob-
lem of determining excess precipitation from recorded
rainfall data. The infiltration equation contains three
physically significant parameters relating to hydraulic
conductivity, soil-moisture tension, and soil-moisture
content. The infiltration scheme is a major component
of an overall mathematical model aimed at predicting
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storm runoff from small drainage basins by utilizing
recorded rainfall and evaporation data. Results of tests
on a 6-sq-mi drainage basin in North Carolina indicate
an approximate tenfold range in the soil-moisture ten-
sion parameter necessary to fit the range of recoried
flood peak discharges experienced in a 30-year record.

A major problem in the synthesis of flood hydro-
graphs from precipitation records is to interpolate
among several long precipitation records to define the
precipitation characteristics at an intermediate site. E.
D. Cobb has accomplished this by synthesizing flood-
frequency curves from each of several long-term pre-ip-
itation records, using an at-site runoff-rainfall model.
The variation in the synthesized frequency curves was
found to be related to the median rainfall of 3-hour du-
ration and to the mean annual rainfall. These variakles,
defined from U.S. Weather Bureau publications for a
particular site, are then used to define flood peaks for
specific recurrence intervals at that site.

Streamflow characteristics such as the mean or vari-
ance are used in models for generating synthetic flows.
At a given site a choice must be made between a stat'sti-
cal characteristic of the observed flows, %;, and a region-
alized estimate of the flow characteristic, §;;. The region-
alized estimate is obtained from a regression of y on a
set of basin characteristics. N. C. Matalas showed that if
V3/V;<<2—75, then 4, instead of y; is used in the gen-
erating model, where {7, and V, are the variances of ¥,
and y,, respectively, and p is a measure of the inter-
station correlation.

Flood-frequency analysis

A recent directive from the Water Resources Council
recommended uniform methods of flood-frequency anal-
ysis among government agencies. It proposed that a
base method be applied—the log-Pearson Type-III
distribution. Studies are now underway to investigate
the effect of use of the log-Pearson method in regional
flood-frequency analyses; this is being done in lew
England and in Jowa, and results will be compared with
those already obtained by methods in use previously.

Research is being carried on toward solving some of
the existing problems in applying a statistical distribu-
tion to a set of flood data. One of the problems is a list
of annual flood peaks that contains some zero items.
This happens frequently in small streams in arid and
semiarid regions. No standard statistical distribution
can provide a satisfactory fit to such a set of data. The
addition of a small constant to all items in the set, some-
times done to allow computation of a logarithm for the
zero item, does not result in a good fit.

A method that uses a combination of probabilities has
been investigated by M. E. Jennings. The relation is
expressed by P(XY)=P(X) P(Y/X), a standard-
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probability relation, in which P(XY) is the probability
of occurrence in any year of an annual peak exceeding a
specified magnitude, P(X) is the probability of a peak
flow other than 0, and P (Y /X) is the conditional prob-
ability of a peak exceeding the specified magnitude, giv-
en that a peak other than 0 has occurred. The probabil-
ity P(X) is determined simply as the ratio of nonzero
peaks to the total number, and the probability of
P(Y/X) is computed by applying the log-Pearson
Type-III distribution to the set of nonzero peaks.

The method was applied to 10 sets of actual flood rec-
ords with a substantial number of zero peaks (as many
as 40 percent) and resulted in a good fit in all cases.
The same method was applied in a situation where a
crest-stage gage records only stages above some lower
limit; the peak discharges for annual peaks below this
stage are unknown, and not necessarily 0. The method
appears to work equally well by separation of the two
kinds of peaks at the lower discharge limit, rather than
at 0.

Conventional methods of regional analysis of floods
are not well adapted to use with short records (10 years
or so), because such records do not permit reliable defi-
nition of frequency characteristics. G. L. Haynes, Jr.,%
has developed procedures for defining the regional char-
acteristics of flood peaks from short records, using a con-
cept proposed by H. C. Riggs. The procedure does not
require the preparation of individual frequency curves
and will produce estimates of floods of recurrence in-
tervals up to about 50 years from 10-year records if
many 10-year essentially independent records are avail-
able. The method is being refined and further tested
empirically.

Geomorphic and botanical evidence for 400-year flood

Twice in the past 13 years, 1955 and 1964, record-
breaking floods have occurred over large areas of north-
ern California. The “true” long-term recurrence inter-
val of these destructive floods is difficult to estimate by
conventional flood-frequency analysis because predic-
tion of a given flood discharge is based on historical
records of flood peaks. To overcome this difficulty E. J.
Helley and V. C. LaMarche (Univ. of Ariz.) used geo-
morphic and botanical evidence to date a prehistoric
flood on Blue Creek, a tributary to the Klamath River
in northern California. Radiocarbon analysis supple-
mented by ring counts established a 400-year-old date
for a flood event that had approximately the same order
of magnitude as that of the devastating flood of Decem-
ber 1964. Thus, the record-setting flood of December
1964 had occurred once before in the last 400 years.

6 G, L. Haynes, Jr.,, 1967, Regional flood-frequency analysis using a
probability distribution : Univ, of Denver, thesis.
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Floodflow from small drainage basins in MNlivois

W. D. Mitchell and D. W. Ellis have made a pre-
liminary analysis of flood data from 93 drainage basins
ranging in size from 0.02 to 10.0 sq. mi. for the purpose
of defining flood- frequency relations for small drainage
basins. Multiple-regression techniques were used with
an electronic computer to correlate floods of selected
recurrence intervals with the following independent
variables: Size of drainage basin, length of main chan-
nel, perimeter of watershed, and slope of main channel.
The size of the drainage basin and slope of the main
channel were found to be the dominant independent
variables. The analysis further indicated that the mean
annual flood can be used as an index to which floods of
other recurrence intervals can be related in terms of
dimensionless ratios.

Probability analysis of allowable yield

By combining probability distributions of seasonal
and annual streamflow, C. H. Hardison * found that
the drought of the 1960’s in the Delaware River basin
had a recurrence interval of about 400 years, as com-
pared with about 12 years for the draught of the 1930’s
if the computation of allowable yield is for present
reservoirs. Additional reservoir capacity would increase
the number of years in the critical period of drawdown
and possibly give a different frequency for these
droughts. By combining probability distributions of
seasonal and over-year (carryover from year to year)
storage requirements, he developed a family of curves
to show how allowable rates of diversion end low-flow
augmentation in the basin are affected by the choice of
frequency used in the design.

Seasonal low-flow forecasting

H. C. Riggs and R. L. Hanson used bas>-flow reces-
sion curves, water content of snow, monthly mean run-
off, and recent precipitation as indices for forecasting,
several months in advance, seasonal low flowr for periods
of 1 or 2 months’ duration. Best results are obtained in
regions having little precipitation during the forecast
period. Where precipitation is appreciable during the
forecast period, its effect can be appraisec on a prob-
ability basis and an amount added to the b-~se forecast.
Relations used for Fforecasting late-summer assured
flows, late-summer mean flows, winter mean flows, and
annual low flows were tested. Forecast reliability ranges
from excellent to fair, depending on the hydrology of
the basin.

—';?H_.H_ardison, 1968, Probability analysis of allowable yield of New

York City reservoirs in the Delaware River basin: U.8. Geol. Survey
release to Delaware River Basin Commission, 28 p., illus., tables.
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CHEMICAL CHARACTERISTICS

INORGANIC SUBSTANCES

Water-quality changes in the hydrologic cycle

The change in chemical composition of water as rain-
fall becomes ground-water recharge in the northeast
part of the Tucson basin of Arizona is being studied by
R. L. Laney. Four stages can be observed—first, the rain-
fall itself, a very dilute solution containing mostly
calcium, sulfate and bicarbonate ions; second, the run-
off from granitic bedrock of the mountains, which is
characterized by sodium, sulfate, and bicarbonate ; third,
the runoff in Rillito Creek and its tributaries where a
major part of the recharge occurs and the water contains
principally calcium and bicarbonate; and, fourth, the
ground-water body in the alluvial deposits of the adja-
cent part of the Tucson basin. The ground water con-
tains principally calcium, sodium, and bicarbonate. Its
composition does not change significantly as it moves
toward the basin outlet.

Consistent water-quality pattern in a small stream

T. D. Steele described quantitatively the seasonal
variation in chemical quality of the major ionic constit-
uents of surface water in the Pescadero Creek water-
shed, a 46-sq-mi coastal basin in California, for the 1967
water year. Despite the complex geology of the water-
shed, the chemical-quality data showed surprisingly
consistent relations with level of discharge and with
specific conductance.

Simple regression equations of the form C=Zk/@Q"
were developed by graphical or analytical methods,
where C is solute concentration, @ is total stream dis-
charge, and » and % are regression parameters. When
solute concentrations were plotted against total stream
discharge, trends were consistently linear throughout
the range of discharges for Na*t, K+!, and Cl™ concentra-
tions, but a characteristic break in trends from low to
high discharges was clearly discernible for Ca'?, Mg+?,
HCO;™, SO.2, and calculated dissolved-solids concen-
trations.

A linear regression equation, C=a+b (., proved to
be the best form to relate solute concentration, €, of
individual constituents to specific conductance, C,,,
Whel"e @ and b are regression parameters. Relative pro-
portions of solute concentrations contributing to the
specific conductance changed rather abruptly from low-
to high-discharge levels. Higher specific conductances
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(>500 pmhos) reflected larger percentage contributions
by Na** and CI- ions and correspondingly smaller con-
tributions by Ca*? and SO, ions.

ORGANIC SUBSTANCES
Nature of colored organic material in water

An evaluation of organic color by W. L. Lamar (p.
D24-D29) showed similarities in the complex color
macromolecules extracted with n-butanol from stram
waters that were subjected to pronounced differencer in
climatic conditions. In this study and in a previous
investigation,®® the infrared spectra of the principal
part of the organic matter were practically identical.
The spectra were independent of the organic color
intensity, pH, and mineral content of the waters, as well
as the geographical location and climatic conditions. The
observations indicate that the predominant part of the
organic matter in naturally colored surface waters con-
sists primarily of complex polymeric hydroxy car-
boxylic acids. Also, evidence of aromatic unsaturation
was found.

Examination of a large number of chemical anal-ses
of highly colored surface waters shows that the organic
matter retained varying amounts of iron (up to about
2 mg/1) in apparent solution. Results of a prelimirary
study of the relationship between iron and organic color
suggests that under natural conditions iron, probably
as ferric hydroxide or oxide, forms colloidal sols with
the organic matter. Retention of the organic matter and
iron by filters of various porosities signifies that these
sols vary considerably in particle size. A source of iron
unrelated to the organic matter appears to be generally
evident,.

R. L. Wershaw, P. J. Burcar, C. L. Sutula, and R. J.
Wiginton (r2162) have determined the size of “humic
acid” particles in water using small-angle X-ray scat-
tering. They have measured the sizes, shapes, and
molecular weights of different size fractions and deter-
mined, for the first time, the size of humic acid particles
in water solutions. This technique has value for identi-
fication of the colored material of natural water and
may help in classifying and defining humic acids on a
worldwide basis.

Fate of pesticides in natural water

The fate of pesticides in natural-water systers is
determined to a large extent by the interaction of these
compounds with the solid and dissolved components of
the systems. R. L. Wershaw, P. J. Burcar, D. J. Pinck-
ney, and S. J. Heller (r2173) have shown by stud;’ing
the interaction of pesticides with humic acid, the most

6 W, L. Lamar and D. F, Goerlitz, 1966, Organic acids in natuvrally

colored surface waters: U.S. Geol. Survey Water-Supply Paper 1817-A,
17 p.
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common plentiful natural organic material, that the be-
havior of pesticides in natural-water systems is pro-
foundly affected by the presence of organic materials
in these systems. Their work has demonstrated that (1)
the soluble sodium salt of humic acid, which is probably
present in most basic soils, is a surfactant and because of
this increases the solubility of DDT in water at least
40 times, and (2) humic acid, which is insoluble under
acid conditions, strongly sorbs soluble herbicides. This
sorption of herbicides by humic acid is most likely the
reason for the often observed greatly reduced phyto-
toxicity of most herbicides in organic soils.

M. C. Goldberg and D. J. Pinckney determined the
extent of sorption of the fungicide dodecylguanidine
acetate on quartz, kaolinite, and a soil containing 2 per-
cent organic matter. In comparing the relative abilities
of all three materials to remove dodecylguanidine ace-
tate from aqueous solution, experiments show that the
soil organic material has a greater capacity for sorption
than does pure quartz and has a sorptive capacity about
equal to that of kaolinite.

Behavior of pesticides in distilled water

Examination of some characteristic hydrolysis reac-
tions that take place in pure-water systems was carried
out by M. C. Goldberg and Harry Babad. It was found
that pesticides containing phosphorus(V) are not as
readily hydrolyzed in solutions of distilled water as had
previously been believed. O-O-dimethyl S-«-mercapto-
N-methylacetamido dithiophosphate, O-ethyl-S-phenyl-
ethylphosphono-dithioate, and the S-ester of 0-O-
dimethyl phosphorodithioate with diethyl «-mercapto-
succinate (Malathion) were subjected to total influx
at 75° C for periods up to 240 hours in 2-phase solutions,
ranging from 0.01V HCI to 0.01V NaOH in the aqueous
phase. Within the limits of detection used in these
analyses—about 3.5 percent—there was detectable re-
covery of hydrolysis products.

PHYSICAL CHARACTERISTICS

Monitoring specific conductance and temperature

J. H. Ficken reported that a continuous record of
specific conductance and temperature has been collected
for the 1967 water year on the Big Blue River at
Barneston, Nebr. A model SM~800 strip-chart in-situ
monitor was used to collect the data. Inspection of the
analog traces shows that the daily mean values of tem-
perature and conductance could have been adequately
represented for about 95 percent of the days from single
determinations made at noon of each day. The values of
conductance varied inversely with stream discharge
from a low of about 50 umhos at flood flow to about 700
pmhos at base flow.
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RELATION BETWEEN SURFACE WATER AND
GROUND WATER

Theory of ground-water ouiflow extended to include
unsaturated zone

The effect of water transfer within the unsaturated
zone upon transient flow from a water-table aquifer
into a river has been studied theoretically by Jacob
Rubin and C. D. Ripple. Utilization of a digital com-
puter and of highly efficient numerical methods made it
possible to (1) rely solely upon the Darcian approach,
(2) treat in a unified manner the saturated and the un-
saturated zones, and (3) eliminate the need for simpli-
fying assumptions that in the past characterized
investigations of this problem. The present results in-
dicate that for some time after the commencement of
drainage into the river, the water-outflovw rates are
increased and the water-table decline rates are decreased
by the slow seepage from the unsaturated to the satu-
rated zone, even in the absence of surface recharge.

Effect of pumping wells on flow of streams

The effect of a pumping well on the flow of a nearby
stream can be calculated readily by using dimension-
less curves or tables, according to a report by C. T. Jen-
kins (r1042). The report, which summarizes and simpli-
fies the results of work by previous investigators, was
made as part of a hydrologic investigation of the Arkan-
sas River valley between Pueblo, Colo., and the Kansas-
Colorado State line. Techniques are de~cribed for
computing rate and volume of stream depletion during
any pumping period and the residual effect after cessa-
tion of pumping. An analog model can be used with the
techniques to improve the computed results. A model
for the Arkansas River valley was stressed ¢t 266 points
to determine the integrated effect on stream depletion of
irregular impermeable boundaries, stream meanders,
areal variations in aquifer properties, and distance
from the stream. These points were the besis for con-
structing a map showing lines where the effect on the
stream is equal. Thus by applying the techniques using
the map values, the computed values of streamflow de-
pletion are more realistic than those computed using the
highly restrictive assumptions of uniform water-bear-
ing properties and idealized boundaries.

Mine drainage related to water levels

Rating curves of ground-water stage ar- mine dis-
charge have been developed by H. E. Kcester in the
Black Creek watershed near Mocanaqua, ’a. Fluctua-
tions in ground- and mine-water stages range from large
in the upper reaches of the basin and in adjoining
basins to minor near the mine-drainage outlet. For the
flooded portion of the mine, the rating is linear. For
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wells farthest from the mine discharge, the rating is
parabolic, indicating a normal lag. In areas of under-
ground mining, fractures and mine openings permit the
first spring rain to produce a direct and rapid response
in mine discharge. For this condition, discharge is
greater than that given by the rating; however, after
about 1 week, conditions stabilize throughout the basin
and the rating curve is valid until the following spring.

Geology related to inflltration supply

According to S. E. Norris, a study of infiltration con-
ditions in the alluvium-filled Mad River valley of west-
ern Ohio in the vicinity of the Springfield municipal
well field shows that bedrock highs beneath the stream,
which result in local thinning of the aquifer, effectively
limit. the reach of the stream through which induced
infiltration can occur. The 10 Springfield municipal
wells are spaced 300 feet apart along the east bank of
the Mad River. The sand and gravel aquifer is about
100 feet thick in the vicinity of the wells, but thins
to approximately 20 feet at points 7,000 feet upstream
and 4,000 feet downstream from the wells. Measure-
ments of ground-water levels made in drive-point wells
installed in the bed of the stream showed in June 1967
that the water table was virtually at stream level at the
points where the aquifer was thin and as much as 7 feet
beneath the streambed near the center wells. The water
table progressively declined near the center wells, to
approximately 14 feet beneath the streambed in Decem-
ber. However, in profile, the water table appeared
hinged at the thin points where it remained essentially
at stream level. It is evident that in any plan for drill-
ing additional wells at Springfield, the physical rela-
tionship between the river and the underlying bedrock
topography should be of prime consideration.

Electric analog for poor connection between aquifer
and stream

In electric-analog modeling, a stream is usually
treated as fully penetrating and as freely connected to
the aquifer. These conditions seldom exist. As part of
studies of the Arkansas River valley, J. E. Reed has
developed an analog procedure for modeling head
losses due to partial penetration of the stream and due
to fine-grained material between the aquifer and the
stream. In southeast Florida it was found that some of
the canals in the regional water-management system
could not be modeled with sufficient accuracy by simple
methods. C. A. Appel reports that the analog model
has been refined to produce a closer representation of
the interflow relationships between the canals and the
aquifers.
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Base flow related to aquifers

The relation between aquifers and base flow is being
examined in the field as a part of river-basin studies.

According to H. L. Young and S. M. Hindall, Iow-
flow measurements in the Chippewa River basin of
Wisconsin show variations directly related to the geol-
ogy. In the upper part of the basin, where glacial de-
posits overlie Precambrian basement rocks, rates of
ground-water runoff decrease from 0.6 cfs per sq mi in
areas of outwash and end moraine to less than 0.2 cfs
per sq mi in areas of ground moraine. In the lower part
of the basin, where the Cambrian sandstone outcrops,
outflow rates are between 0.2 and 0.6 cfs per sq. mi.

In the Wild Rice and Sandhill River basins of north-
western Minnesota, as reported by L. E. Bidwell, T. C.
Winter, and R. W. Maclay, two general areas of sub-
stantial ground-water outflow have been defined. Gains
in streamflow of 1 cfs per mile of channel were m»as-
ured in areas of glacial-outwash sand and gravel and in
the beach-ridge area at the eastern edge of the glacial
Lake Agassiz plain. Little or no gain was measured
in other areas of glacial drift.

In Indiana, L. W. Cable, J. F. Daniel, C. H. Tate,
and R. J Wolf have made hydrograph separations for
11 gaging stations in the upper White River basin. In
areas where clay and silt predominate, the average base
flow is 0.3 to 0.4 cfs per sq. mi. Where thick and exten~ive
bodies of highly permeable sand and gravel are in con-
tact with streams, the average base flow is 0.8 cfs per
sq. mi. In areas where the sand and gravel bodies are
small or not in direct contact with the stream, the
average base flow is 0.4 to 0.6 cfs per sq. mi.

Observations of base flow in the Big Black River
basin, west-central Mississippi, enabled F. H. Thomson
and C. P. Humphreys, Jr., to determine general rela-
tions between the geologic terrace and dry-weather
streamflow. In areas where clayey units crop out,
streams cease flowing in dry season; in areas where
sandy units crop out, streams are perennial.

The configuration of the water-table surface in the
Quaternary alluvium of the Mississippi River alluvial
plain in northwestern Mississippi shows that although
the movement of ground water in general is southwrd,
the movement is modified toward the Sunflower River,
an influent stream whose drainage system lies wholly
within the alluvial plain. The water table ranges from
near land surface to about 15 feet below land surface,
whereas the river channel is 15 to 25 feet below the
alluvial plain. E. H. Boswell has determined from hy-
drographs and associated data that the sustained base
flow of the river, which at Sunflower, Miss., is about
100 cfs during dry periods, is from ground water dis-
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charged into the main channel. Tributary streams are
mostly intermittent.

D. R. Albin reports that record precipitation in 1967
resulted in an increase of 290,000 acre-ft of ground-
water storage in the valley-fill deposits of the South
Platte River between Henderson and Julesburg, Colo.
Return flow to this reach of the river increased from
518 to 792 cfs.

Relation between lake and ground-water levels

A study of the water levels in natural river-cutoff
lakes along the Red River and their relation to ground-
water levels is being made by A. H. Ludwig as part of a
water-resources appraisal of southwest Arkansas.
Measurements of lake and ground-water levels in the
fall and winter of 1967 show that the ground-water
level is 3 to 4.5 feet below the lake level. During this
time, the lake level rose about 2 feet, while the ground-
water level declined about 0.5 foot. Silt, clay, and or-
ganic material deposited in the lake are probably
largely responsible for inhibiting free movement of
water between the lake and the aquifer.

Infiltration into alluvial channels

A new technique has been developéd by D. E. Burk-
ham for estimating long-term average infiltration into
normally dry alluvial channels. The essentials needed
for application of the method are (1) an average rela-
tion between rates of streamflow and infiltration, and
(2) flow-duration curves. The end product is an infil-
tration-duration curve from which the long-term aver-
age infiltration can be computed. The average relation
between rates of streamflow and infiltration for the
main arroyos in the Tucson basin in Arizona is

infiltration rate=( X (streamflow) *8

in which C is constant for given length of channel.

In the metropolitan Tucson area the normally dry
main arroyos are very efficient natural infiltration gal-
leries. Of 66,000 acre-ft of water per year that enters
the main arroyos, 71 percent infiltrates into the alluvial
channels. The average infiltration rate is 354 acre-ft
per mi per yr. Of the surface water that originates out-
side the metropolitan area in the main arroyos, 80 per-
cent infiltrates into the alluvium. Of the total surface
outflow from the metropolitan Tucson area, 66 percent
is generated within the relatively small basins along
the main arroyos of the metropolitan area.

SOIL MOISTURE

Much of the water that precipitates onto land surfaces
becomes soil moisture. It is essential to learn more of
how water enters the soil, moves through it, is retained,
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and can be beneficially used. Current research projects
have yielded results regarding (1) the manner by which
moisture is retained in soils, (2) a means of monitoring
changes in soil moisture in situ, (3) depths to which
moisture penetrates sand dunes and is depleted by
evapotranspiration, and (4) the influence on streamflow
of the degree to which soils have been wetted.

Mechanism of moisture retention in soil and clay

Evidence compiled by R. F. Miller and I. £. McQueen
from soil-moisture and moisture-stress profiles sampled
under natural conditions on rangelands indicates that
at stress levels greater than 0.21 bars, moi-ture is re-
tained primarily as a film on soil particles. The evidence
also indicates that moisture held on the internal sur-
faces of clays is not evacuated until stresses greater than
140 bars are achieved.

Soil moisture related to thermal conductivi';-

C. R. Daum has been monitoring changes in soil-
moisture content in situ. Thermal conductivity through
soil is sensitive to changes in the moisture content of
soils, and preliminary tests show a direct relationship
between measured thermal conductivity and the mois-
ture content of soil. Freezing of the soil has such a radi-
cal effect on thermal conductivity that the effect can be
used as an indication of periods during which the soil
is frozen. All the temperature relationships have not
been fully defined.

Relationship between soil moisture and venetation

Differences in moisture content under vegetation-
covered and barren sites in the sand-dune area of west-
ern Kansas were measured by R. C. Prill (p. D1-D9).
Neutron-moisture logs showed the manner of moisture
buildup and depletion under three conditions: (1)
barren areas, (2) grass areas, and (3) sagebrush and
grass. Data from barren areas show that most of the
moisture buildup below the zone of high evaporation
(upper 1 foot) percolates to depth. Data from sites
covered by grass and by both sagebrush anc grass indi-
cate that moisture depletion by evapotransoiration ex-
tends to depths of 11 feet and 20 feet, respectively.
Before moisture can percolate to depth after dry periods,
the minimum moisture buildup required ma;’ be as much
as 8 inches under grass-covered areas, and as much as
14 inches under sites covered by both sagebrush and
grass. Precipitation in southwest Kansas is highest dur-
ing the summer months, but this period is not favorable
for recharge because of the high potential use by
evapotranspiration. Recharge usually occurs when
precipitation in the nongrowing season and the early
part of the growing season is considerably above aver-
age. A review of long-term precipitation records indi-
cates that only during a few periods have conditions
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been favorable for recharge in areas covered with either
grass or sagebrush and grass.

Soil-moisture storage in flood-plain sediments

The relationship between the moisture content of
sediments and the volume of streamflow was investi-
gated near Winnemuceca, in north-central Nevada, by
A. O. Waananen. The amount of moisture retained by
sediments along the river increased during the period
from 1962 to 1965, when it reached a maximum; but
during 1966, a dry year, the moisture was depleted to a
volume comparable with the low measured in 1961,
following a 3-year drought period.

This depletion of soil moisture and ground water
from the sediments along the river during 1966 may

have resulted in a larger sustained summer flow in the-

Humboldt River than would have been produced by the
annual precipitation and runoff alone. In contrast, an
increase in soil-moisture storage in 1967 resulted in a
correspondingly smaller flow in the Humboldt River.
Data on changes in the water content of flood-plain sedi-
ments thus may be significant in water-budget studies.

EVAPOTRANSPIRATION

Natural evapotranspiration is the source of an average
of three-fourths of the precipitation that falls on the
conterminous United States and accounts for from less
than one-third in humid areas to nearly all that falls in
extremely arid regions. The quantity of evapotranspira-
tion is controlled by the availability of water and heat
and by the means of carrying the vaporized water into
the atmosphere. Quantitative measurements of when
and where evapotranspiration occurs are necessary to
develop and manage water resources. Included in U.S.
Geological Survey investigations are studies of (1)
evaporation from reservoirs, (2) evapotranspiration
from land surfaces, and (3) evapotranspiration by
phreatophytes.

EVAPORATION FROM RESERVOIRS

Relation between reservoir and pan evaporation

The relation between reservoir and pan evaporation
was investigated at two locations. At Vail Reservoir in
Riverside County, Calif., a study of the methods for
determining evaporation losses in reservoirs is being
conducted by E. R. Hedman. Evaporation measurements
made on the shore of the reservoir with a U.S. Weather
Bureau Class A pan and a sunken screened pan were
not in agreement. When checked by three variations of
the empirical mass-transfer equation, the evaporation
rate from the sunken screened pan seemed to be ab-
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normally high. Consequently, a modification of this pan,
which is insulated from the soil with 3 inches of poly-
urethane, is being tested.

Evaporation at Warm Springs Reservoir in south-
eastern Oregon is apparently much greater than that in-
dicated by a land pan near the reservoir. Results of a
water budget-mass transfer study by D. D. Harrie in-
dicate a mass-transfer coefficient for the reservoir that
is 2 to 3 times greater than expected in comparison with
reservoirs of similar size in other parts of the United
States.

Evaporation reduction by artificial destratificatior of
reservoirs

Two destratification experiments near San Diego,
Calif., have shown that annual evaporation from Lake
Wohlford and El Capitan Reservoirs can be rednced
about 5 percent. Reductions in evaporation by artif ial
destratification of a reservoir are primarily a function
of the change in the advected energy term of the enevgy-
budget equation for determining evaporation. An analy-
sis of the energy budget by G. E. Koberg indicates that
there is no change in the solar and atmospheric radi-
ation received or energy brought in by inflow when
artificial destratification techniques are applied. All the
losses of energy from the reservoir—(1) energy utilized
by evaporation, (2) radiation emitted by the water, (3)
conduction of energy from the reservoir as sensible I-eat,
and (4) energy taken out by outflow—are affected by
destratification. Evaporation, radiation emitted by the
water surface, and conduction are all functions of the
temperature of the water surface; and any reduction
in the temperature reduces these losses. Therefor», to
compensate for a decrease in energy utilized for evap-
oration, the only possible loss that can increase is the
energy taken out by outflow, and approximately half
this energy is used to compensate for the reduction in
evaporation. (See also discussion of stability in ¢ de-
stratification experiment in section “Limnology.”)

EVAPOTRANSPIRATION FROM LAND SURFACES

Change in evapotranspiration resuliing from vegetction
modiflcation

T. E. A. van Hylckama reports that in the spring
of 1966 and again in 1967 the saltcedar was cut off on
two evapotranspirometers on the Buckeye project, Mari-
copa County, Ariz. On two others the vegetation was
thinned out to 50 percent and on two more it was left
undisturbed. As could be expected, the water use in the
“shorn” tanks dropped considerably—to less than 20
percent of the original use; however, it rose to over 50
percent within 2 months as the vegetation reestabli-hed
itself. The rate of growth on individual sprouts was as
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much as 5 cm per day. The water use in the thinned-out
tanks dropped by not more than 20 percent.

A single-basin study of about 2.5 sq mi of the forested
Middle Branch drainage basin in Lebanon State Forest,
Burlington County, N.J., made by E. C. Rhodehamel
shows that the average growing-season runoff of about
5 inches increased by as much as 12 to 13 inches during
the first growing season following an uncontrolled for-
est fire. This increased water yield is approximately
equivalent to 0.6 mgd per sq mi throughout the year.
Similar geology, soil-infiltration characteristics, topog-
raphy, vegetation, depth to the water table, and climate
throughout much of the approximately 2,250 sq mi of
the New Jersey Pine Barrens region suggest that sim-
ilar values of increased yields would apply in other
parts of the area. Comparison of these increased-yield
values with other such values in Northeastern United
States also indicates good agreement.

Evapotranspiration related to environment

T. E. A van Hylckama made intensive studies of
water use by saltcedar at the Buckeye project, Mari-
copa County, Ariz., and reports the following relations
between evapotranspiration and the environment:

1. Windspeeds are an important item in the applica-
tion of the mass-transfer formulas for computing evap-
otranspiration. Profiles were obtained over 3-m-high
saltcedar. About a thousand profiles of hourly wind-
speeds at various heights were analyzed. More than 80
percent of the profiles are logarithmic, and deviation
occurs only at very low windspeeds. At high windspeeds
the vegetation is pushed down to a comparatively
smooth surface and there is little wind within the thick-
ets. At medium windspeeds the vegetation is a rough
surface causing much turbulence inside the thickets
where, at times, the windspeeds can be higher than
above the vegetation.

2. Earlier reviews reported a sharp decline in rates of
evapotranspiration and growth for saltcedar at the end
of June or the beginning of July. It was postulated that
the lack of carbon dioxide in the air might have caused
this decline. However, round-the-clock measurements
of the CO, content of the air in and above the vegetation
showed that there was no deficiency. The CO, profiles
indicate that near the ground the CO. content is low
when the rate of growth is high during the day, whereas
during the night the CO, content rises. The average CO,
content inside the thickets is about 280 ppm during the
day and 400 ppm during the night.

3. Records from ground-water-level recorders in-
stalled on the evapotranspirometers showed remarkably
large diurnal fluctuations. It was shown that atmos-
pheric pressure has a strong effect on the water levels in
tanks without vegetation. Thus, the water level in tanks
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where saltcedar is growing and using water is governed
by both atmospheric pressure and the amount of water
used.

EVAPOTRANSPIRATION BY PHREATOPHYTES

T. W. Robinson reports marked differences in the use
of ground water among four species of phreatophytes
grown in evapotranspiration tanks (evapo‘ranspirom-
eters), near Winnemucca in northwestern Nevada.
Analysis of 5 years of evapotranspiration data shows
that willow was the highest user of grourd water; it
obtained 82 percent of its needs from that source. Wild-
rose was the next highest usér of ground water, drawing
70 percent from the ground; rabbitbrush wes third with
64 percent, and greasewood was lowest, chtaining 52
percent of its needs from ground water. Use of ground
water by greasewood varied with the amount of pre-
cipitation—it was greatest, 68 percent, when the sea-
sonal rainfall was low, and least, 25 percent, when it was
high. Use of ground water by willow, on the other hand,
was virtually independent of rainfall. The inverse rela-
tion between ground-water use and rainfall was appar-
ent, but small, for wildrose and rabbitbrush.

S. E. Rantz (p. D10-D12) has prepared a graph and
table for selecting values of the coefficient A to be used
in the Blaney-Criddle formula for estimeting evapo-
transpiration by native phreatophytes. Valwes of A are
dependent on the species of phreatophyte, the density of
growth, and the depth to water table. For example, the
value of K for a light growth of saltgress, with the
water table 5 feet below land surface, is 0.35. With the
same depth to water table, the value of A for a dense
growth of saltcedar is1.8.

LIMNOLOGY

Lake-level changes in Florida

In recent work on Florida lakes, a method was estab-
lished for estimating the probable change in the level
of a lake in a closed basin for periods of 1 to 3 months.
G. H. Hughes reports that the method also gives the
range of lake levels at the end of the periods 80 percent
of the time. A sufficient number of lake-level records
is required to define a relation between lake-level change
and rainfall at some nearby weather statior where long-
term rainfall records are maintained. Due to the many
hydrologic variables, accuracy in the results is achleved
by using separate relations between lake-level change
and rainfall for each period of 1, 2, and 8 months be-
ginning each month of the year. The method becomes
less accurate when applied to periods longer than 3
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months because of the increasing range of possible
fluctuations.

Stability in a destratification experiment in El Capitan
Reservoir

In 1965 and 1966 a destratification experiment was
conducted at the E] Capitan Reservoir near San Diego,
Calif. An analysis of the computations of stability per
unit area (ft-1b persq ft) by G. E. Koberg indicates that
a linear relationship exists between reservoir contents
and the minimum stability that an airbubbling can
maintain during the late spring and summer. The rela-
tionship, based on reservoir contents ranging between
15,000 and 25,000 acre-ft, indicates that when the reser-
volr has a volume of 45,000 acre-ft the minimum stability
(20 ft-1b per sq ft) will be the same as that observed on
July 15, 1964, for a stratified reservoir whose contents
were 10,000 acre-ft. The biological- and chemical-oxygen
demand in the hypolimnion of the reservoir in 1964 was
such that little or no oxygen was observed. It would be
expected, then, that conditions observed in 1964 would
return to the reservoir when the volume reached 45,000
acre-ft even though the air-bubbling system was in
operation. Presumably, there would be no change in the
biological- and chemical-oxygen demand. The relation-
ship may be useful to predict the capacity of a given
air-bubbling system to alleviate problems of low dis-
solved-oxygen content in the hypolimnion. (See also
discussion of evaporation reduction by artificial destrat-
ification in section “Evapotranspiration.”)

Flushing time of Lake Tahoe estimated to be more than
1,000 years

Lake Tahoe lies on the California-Nevada border,
southwest of Reno. The lake is 1,645 feet deep, the second
deepest lake in the conterminous United States (Crater
Lake, Oreg., depth 1,932 feet, is the deepest), and con-
tains 122 million acre-ft of water. J. R. Crippen has
estimated the flushing time of Lake Tahoe to be about
1,000 years. For comparison, the flushing time of Lake
Superior is about 185 years and that of Lake Erie, about
2.6 years. The flushing time of a lake is the time required
for complete exchange of the water in the lake, brought
about by inflow and outflow and assuming complete
circulation of the water within the lake. The average
annual outflow of Lake Tahoe is about 172,000 acre-ft,
which results in a computed flushing time of about 700
years. However, the lake is believed to be monomictic,
with top-to-bottom mixing occurring once a year. It is
unlikely that all the water enters the inflow-outflow
regime of the lake in such an orderly progression that
complete exchange is accomplished in 700 years. Because
of this the true flushing time of the lake may be more
than 1,000 years.
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Nitrogen assimilation in model streams

Biological effects on water quality were studied in
recirculating laboratory streams by G. G. Ehrlick and
K. V. Slack. One stream received only inorganic nitro-
gen (calcium nitrate) and the other received only or-
ganic nitrogen (yeast extract). Proteolytic bacteria con-
verted organic nitrogen to ammonia, which was partly
assimilated by algae and partly converted to nitrate
(nitrified) by bacteria. After large initial increases,
bacteria and ammonia decreased rapidly as organic
nitrogen became deficient. About half the nitrate in the
inorganic medium disappeared in 2 weeks, and nitrate
was undetectable after 3 weeks. Bacterial counts were
relatively low and constant. Algae increased in both
streams as nutrients decreased, reaching quasi-steady
states after about 4 weeks. Nitrate, from whatever
source, was assimilated by algae. Biomass incrrased
more rapidly in the stréam which received inorzanic
nitrogen. Nitrification apparently was not of major im-
portance in converting organic nitrogen to algal bio-
mass. Growth rates compared with the rate for natural

conditions as follows:

Dry weight, total biomass
(mg/sq dm/dy)

Beginning End

of test cf test
Laboratory stream with inorganic nitrogen___ 1.2 5.5
Laboratory stream with organic nitrogen.___ _ .3 3.8
Columbia River. ... .5 7.0

Other parameters measured were also within netural
limits.

PLANT ECOLOGY

Saguaro populations may record past hydrologic chenges

Recent studies of a saguaro forest by R. M. Turner
and J. R. Hastings (Univ. of Arizona) show that the
yearly rate of establishment of new plants has been fall-
ing since the mid-1940’s. The population may already
have entered a period of below-normal establishment
similar to that indicated for the period from the 1880’s
to the 1980%. These studies, based on analyses of sur-
vivorship curves for a population of more than 2,500
cactuses, also show that the period from about 1825 to
1880 was marked by above-normal establishment. Com-
parison of saguaro survivorship with long-term trends
in temperature suggest that saguaro establishment is
favored by periods of relatively high temperature.
Further testing at other sites throughout the saguaro’s
range will show whether fluctuations in saguaro popu-
lation can be used to reconstruct past climatic conditions.

Negative pressure or moisture ‘‘suction power’ of plants

In an extensive study of internal plant stresses (nega-
tive pressures or moisture “suction power”) by TI*. A.
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Branson, R. F. Miller, and I. S. McQueen, a large num-
ber of stresses considerably higher than any previously
reported was measured. A pressure chamber was used to
make the field measurements. Internal stress in a salt-
desert shrub (A4¢riplex corrugate) in eastern Arizona
was 102 atm or much higher than the previous record
high of 84 atm reported for creosote bush. An additional
set of measurements surprisingly showed lower internal
plant stresses for xerophytes growing below sea level in
Death Valley than in xerophytes in adjacent deserts.
An apparent explanation of these unexpected results is
the fact that Death Valley xerophytes grow mainly in
water-concentration areas such as rills, gullies, or
washes.

Gullies on forested slopes related to past land use

Gullies formed in the recent past, under land use
different from now, have been identified by R. S. Siga-
foos in his studies of vegetation in relation to areal
hydrology in the northern Virginia piedmont. On for-
ested slopes, these gullies are no longer being eroded,
for rains that produce runoff in nearby ephemeral chan-
nels draining only a few acres fail to move leaves in the
bottoms of these “fossil” gullies. Numerous gullies on
forested slopes at Reston, Va., are not now being eroded,
but the age of trees in their bottoms and on the gully
walls shows that erosion stopped 100 years ago, started
again, and stopped most recently about 50 years ago.
Clearing for future construction will again cause severe
_ erosion.

Beech-maple forest related to presence of moist soil

From a study of vegetation on Pleistocene drift and
associated deposits in northern Kentucky, J. R. Keith
found that beech-maple communities grow on slopes
of greater relief where such slopes are underlain by
glacial deposits than where the land surface is underlain
by nonglacial deposits. Perhaps glacial soils have a
greater water-holding capacity than nonglacial soils
on relatively steep slopes and thus can support beech and
maple trees which are believed to require considerable
moisture. Adjacent areas of similar relief, but which
have no glacial deposits, support only the more xeric
oak-hickory communities. Thus the pattern of plant
communities reflects the effects of glaciation even at the
extreme southern limit of drift in this region.

Recenf pumice deposit dafted at Mount Rainier, Wash.
A recent pumice deposit identified by D. R. Mullin-
eaux as the product of the most recent eruption of Mount
Rainier, Wash., was dated by R. S. Sigafoos and E. L.
Hendricks from a study of tree ages at Emmons Glacier;
it is older than about 110 years but younger than 120.
These ages were determined in a more extensive study
of minimum ages of younger moraines and melt-water
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channels in front of eight of the mountain’s glaciers
from a study of dates of tree establishment. Sigafoos
and Hendricks identified abandoned melt-water chan-
nels that cut through moraines of Emmons Tahoma,
and Carbon Glaciers. Some of these valleys (channels)
contained streams as long ago as 100 year~. whereas
others were stream channels as recently as 50 years ago.
Either of two channels so dated and identifi~d in front
of Emmons Glacier could have been one mapped as a
stream by I. G. Russell in 1896.

NEW HYDROLOGIC INSTRUMENTS
AND TECHNIQUES

Recording of data

The number of digital recorders in use by the Water
Resources Division increased by about 1,500 units dur-
ing the 1968 fiscal year, bringing the total to approxi-
mately 6,700. While the majority of these are used to
record water stage only, an increasing number are re-
cording ground-water data, and more extensive use of
water-quality monitors is being made in evaporation
studies and in other special applications.

C. R. Daum reports the adaptation of tl'~ Fischer-
Porter digital punch to a multipoint recorder by syn-
chronizing the punch with the recorder. Each time the
recorder prints, a corresponding value is pinched out
in binary-decimal form on 16-channel tape. The data
can then be transferred to magnetic tape for processing.
This system has been field tested and is now cverational.

G. F. Smoot reports that development of the water-
quality monitoring system for recording on the ADR
(Analog-to-Digital Recorder) is continuing. The me-
chanical programmer on the first model h»s been re-
placed by an all-solid-state unit in the second-genera-
tion model. Forty-four units have been delivered for
installation in the field.

Transmission of data

A. A. Vickers and E. W. Moshinsky used a Fischer-
Porter binary telemetry transmitter, which is designed
to transmit one 4-digit parameter, to transmit two or
more 3-digit parameters. This is done by providing a
suitable programmer to enter the different parameters
into the transmitter memory system at specified inter-
vals. The beginning digit in each sequence identifies
the parameters being transmitted ; transmission may be
either by radio or telephone.

Methods of discharge measurement

The techniques of determining low-flow discharge on
large rivers by considering a dam and its gates as a
structure that can be calibrated, has been improved by
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the development of an over-ranging span limiter, ac-
cording to H. O. Wires. It provides a reliable digital
record of large dam-gate openings. Its use permits gate
openings to be recorded to 0.01-foot accuracy over the
critical-minimum-opening range. Automatic sequential
gate recording each hour produces one digital tape that
can be used in conjunction with other tape records of
headwater, tailwater, and lockages for discharge deter-
mination by computer analysis.

G. F. Smoot reports that streamflow measurement by
the moving-boat technique, which allows measuring dis-
charge in large streams and tidal estuaries while rapidly
traversing a stream by boat, has had more successful
applications this year. The equipment has been simpli-
fied and the technique refined. Results of extensive tests
indicate that an accuracy of within 5 percent or less can
be achieved. Sets of equipment for the moving-boat tech-
nique are in use in several Water Resources Division
offices in the United States and in a few foreign proj-
ects as well.

Methods of velocity measurement

A heated muitiple-thermocouple probe has undergone
preliminary flume tests to determine its suitability for
low-velocity measurements and continuous recording.
H. O. Wires reports that the results are promising; sen-
sitivities well below 0.1 fps may be obtained.

Avutomatic pumping-type sediment samplers

Pumping samplers for the automatic collection of sus-
pended-sediment samples from natural streams have un-
dergone further refinement this year. John Skinner
reports that two types—differing in sample capacity,
portability, and cost—are now available for use. One,
the PS-66A, can pump 121 pint samples and is designed
for use at a fixed site. The second, the PS-67, pumps 48
pint samples and is mounted on wheels for maximum
portability.

Joseph Beverage and John Skinner designed two elec-
trical control units for the PS—67 sampler. One unit con-
trols all operations within the sampler but requires an
externally supplied voltage pulse to start the sampling
cycle. The second unit, which must be coupled with a
water-level recorder, starts only when the water stage
changes by a predetermined amount.

Portable water-quality kit

K. V. Slack developed a small, lightweight kit for
instrumental measurement of four water-quality param-
eters in grab samples or in situ. The kit is useful for
repetitive or reconnaissance studies and is especially
valuable in remote areas. The water-quality kit weighs
25 pounds and was assembled from commercial instru-
ments for measuring temperature, pH, dissolved
oxygen, and specific conductance. An accessory package

A137

contains an extension cable, water sampler, Secchi disk,
water-color set, and other supplies.

Measurement of subsurface-water flow and hydraulic
conductivity

A method developed by R. W. Stallman for estimating
ground-water flow by means of temperature measure-
ments in fluid columns has been applied to estirrates
of flow in the zone of aeration. Criteria for determin-
ing susceptibility of the fluid columns to convec-
tive overturn were developed by E. A. Sammel. 2oth
glycerol and a special oil were used successfully in field
situations where temperature gradients had caused
water columns to be too unstable for use in gromnd-
water-flow analysis.

Stallman has also made estimates of vertical hydrau-
lic conductivity by placing pressure transducers at
depths as great as 45 feet and measuring attenuetion
and phase lag in the pressure waves resulting from
atmospheric-pressure changes. Data from the pressure
transducers is modeled on a simple electric-analog de-
vice in order to obtain a value for permeability to air.
This value is then converted to an estimate of hydrrulic
conductivity.

Measurement of coarse particle sizes

J. R. Ritter and E. J. Helley have found that the
Zeiss particle-size analyzer provides a convenient
method of measuring the particle size of coarse bed ma-
terial. This method is based on photographs of the
streambed and a volumetric procedure for determin-
ing the size of the particles. The analyzer can be used
to measure a few thousand particles within an hour, and
the photographs can be utilized to record changes in
the streambed. Comparison of analyses by the analyzer
with those by conventional methods shows that. the
analyzer is faster, more pratical, and more accurate
than a number of other methods.

Well defects studied by television

J. E. Eddy reports that a closed-circuit borehole
television camera, developed for a depth capability of
over 1,000 feet, was used in the exploration of 5 city
wells in Jacksonville, Fla. The camera enabled ob~erv-
ers to see the causes of defects inside 3 of the wells; the
remaining 2 wells were found to be in good opersting
condition. One well was producing sand, a second was
leaking through the casing below the ground surface,
and the third was obstructed below the casing. A per-
manent visual record of each problem was mado by
video tape.

Borehole geophysics as applied to geohydrology

W. S. Keys reports that certain geophysical-log7ing
tools, new in ground-water investigations, are under-
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going field testing and modification. A temperature-
logging sonde provides simultaneous records of gradient
and differentia] temperatures. Measuring the difference
between the 2 thermistors permits the detection of
changes of less than 0.01°C without off-scale deflec-
tions. With this equipment water can be used as a tracer,
and sources of water in wells can be located.

A borehole-adjusted acoustic tool has provided ve-
locity logs at a high sensitivity without cycle skipping.
Acoustic velocity is related to porosity, and acoustic
amplitude is attenuated by fractures and may be re-
lated to permeability. A new motor-driven, piston-type
water sampler and tracer ejector has been developed
and tested. Also, neutron logs have recently been found
to be effective in locating altered and fractured zones
which transmit water in granite, and in identifying hy-
drocarbon beds in sediments.

Determination of carbonates in rock samples

A new method of differential thermal analysis has
been devised by W. N. Lockwood for determination of
amounts of calcium or magnesium carbonates in con-
solidated- or unconsolidated-rock samples. A series of
tests of various mixtures of calcium carbonate with cal-
cined alumina, a pure quartz sand, pure kaolinite, non-
calcareous bentonite, and natural noncalcareous silt and
clay were run according to the new method. The method,
which is based on use of an internal standard in the
sample against which peak heights of carbonate break-
downs are measured, is rapid, inexpensive, and in most
samples is accurate to within a few percent. Additional
testing indicates that the internal standard compen-
sated for any variation due to grain size.

Improved technique to measure pH and Eh valves

F. A. Swenson reports that further development work
has improved the sensitivity of UNELAN, the system
designed to measure pH and Eh values of aqueous solu-
tions in high-pressure environments. A new amplifier
system and sonde have been built and used to achieve a
sensitivity of less than 0.1 pH unit.

Recording channel changes by time-lapse photography

C. R. Goodwin has shown that useful and sometimes
dramatic results are obtained from time-lapse photo-
graphic equipment installed to record channel erosion
on a small stream. A normally unobservable series of
erosional events during storms is compressed in time
by a factor of approximately 500. Semiautomatic, re-
mote photography has been achieved in this system by
sensing both rainfall and light intensity. No pictures
are taken unless the light is suitable and at least 0.1 inch
of rain has fallen. The pictorial record is useful for
educational purposes and is also of interest to the gen-
eral public.

GEOLOGIC AND HYDROLOGIC PRINCIPLES, PROCESSES, AND TECHNIQUES

Flood frequency on small watersheds

A method using many short streamflow records of
small watersheds to determine 50- and 100-year flood
frequencies is reported by G. L. Haynes, Jr. "he method
uses a probability distribution in combination with re-
gression techniques and allows the total flood experience
in a region to be used directly in determining the fre-
quency. Evaluation of the method in New England and
the southeastern States gave results that are closely
comparable to those obtained by index-flood and multi-
ple-regression methods and to the observed foods as de-
fined by the station frequency curves. The method was
used also to develop flood frequencies up to the 100-
year level for small streams in Kansas and western
Oregon.

ANALYTICAL METHODS
ANALYTICAL CHEMISTRY

Standard gold samples available

A gold standard was prepared by J. W. Marinenko
and H. T. Millard, Jr., from a gold-bearing quartz from
Montgomery County, Md. To obtain the desired homo-
geneity, the ground sample was treated with aqua regia,
dried, ignited, and mixed. The standard contains 2.6
ppm Au and is now available for interlaboratory
standardization.

Low-gold flre-assay flux

A procedure for preparing a fire-assay flux with a
low-gold blank was developed by F. O. Simon. The
new flux is prepared by melting in pure aluminum ox-
ide crucibles, a flux containing more than the usual
concentration of lead. Part of the lead is reduced by
flour into a lead button which contains most of the gold.
The lead button is discarded, and the remaining glass
is ground and is used with additional flour as the flux
for fire assay. The gold blank is reduced to %o the usual
value or to 0.1 ppb Au in a 15-g sample wl=n the new
flux is used.

New activation-analysis procedures for determining
background levels of gold in rocks

H. T. Millard, Jr., and J. E. McLane have completed
work on an activation procedure which involves isolat-
ing gold on an anion-exchange disk. After irradiation,
the sample is fused with sodium peroxide in the pres-
ence of a gold carrier, and the solidified melt dissolved
in hydrochloric acid. Silicon is removed by evaporation
with hydrofluoric acid. The residue is picted up with
dilute hydrochloric acid and the solution passed through
a strongly basic anion-exchange disk. The gold is re-
tained on the disk relatively free from radioactive con-
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taminants, allowing the gold-198 activity to be deter-
mined by gamma spectrometry. The chemical yield of
the gold carrier is determined by reirradiating the disks.

J. J. Rowe and F. O. Simon report a major break-
through in developing an extremely simple, practical,
routine method for determining gold at the parts-per-
billion level. One-gram samples are irradiated for 10 to
16 hours in the Naval Research Laboratory reactor.
After cooling for 10 days the radioactivity drops to
levels which can be safely handled in the fire-assay lab-
oratory (overall activity for 20 samples is less than
1 pc). The samples are carried through a classical fire
assay with gold metal as a carrier. The final bead is
weighed to determine yield and gamma counted to
determine the gold originally present. As little as 0.1
ppb Au can be determined. Although the total elapsed
time for an analysis is 3 weeks, the total analyst’s time
for processing 20 samples is less than 4 hours.

Chemical determination of palladium and platinum in
rocks

F. S. Grimaldi and M. M. Schnepfe (p. B99-B103)
completed development of a method for the simultane-
ous determination of platinum and palladium in rocks.
Approximately 10 ppb of either Pt or Pd can be deter-
mined as a lower limit on a 10-g sample. Au, Pd, Pt,
Rh, and part of the Ir are isolated by coprecipitation
with Te that is formed by reduction with stannous
chloride. Au and Te are separated from Pd, Pt, Rh, and
Ir by extraction from 4.8 HCl into methyl isobutyl
ketone; Pd and Pt are separated from Rh and Ir by
extraction of Pd and Pt diethyldithiocarbamates into
chloroform; and Pd is separated from Pt by extraction
of palladium-a-furildioxime into chloroform and deter-
mined colorimetrically in this phase. Platinum in the
aqueous phase is determined colorimetrically with stan-
nous chloride. The procedure is thus a sequential one
and would permit determination of Au and Rh in their
respective fractions.

‘Catalytic method for determining traces of platinum
and palladium

A sensitive method for determining traces of plat-
inum and palladium in geologic materials has been de-
scribed by C. E. Thompson (r0896). It is based on the
catalytic effect of these metals on reduction of molybdo-
phosphoric acid to molybdenum blue, using formic acid
as the reducing agent. Platinum and palladium are dis-
solved with hydrobromic acid containing free bromine
and are separated from most of the rest of the sample
by precipitating with stannous chloride, using tellurium
as a carrier. As little as 0.05 ppm can be detected, and
about 25 analyses can be made per man-day.
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Chemical determination of rhodium in rocks

In the sequential chemical method previously devel-
oped by F. S. Grimaldi and M. M. Schnepfe (r0023)
for determining minute amounts of platinum and pella-
dium in rocks, a fraction containing the rhodium and
part of the iridium originally present in the sample is
obtained after separating rock-forming elements and
noble metals. Schnepfe and Grimaldi have now devel-
oped a chemical method for determining rhodium in
this fraction (p. D210-D213). Approximately 10 ppb
Rh is determinable in a 10-g sample. The need for
separating rhodium from iridium (probably the most
difficult separation among the platinum metals) was ob-
viated by adoption of a colorimetric method in which
interference from iridium is minimal. Iridium and rho-
dium are converted to complex chlorides, and the
rhodium color is developed in a perchloric-hydrobrcemic
acid medium by the addition of stannous bromide.
Without this conversion, iridium would react also and
interfere seriously.

Neutron-activation determination of tantalum
and hafnium

A neutron-activation procedure suitable for routine
determination of tantalum and hafnium in silicates has
been developed by L. P. Greenland. The irradiated sam-
ple is fused with sodium peroxide, leached, and the
insoluble hydroxides dissolved in dilute hydrofluoric +
hydrochloric acids. After scavenging with lanthanum
fluoride and silver chloride, tantalum and hafnium are
separated by anion exchange. Tantalum is obtained ra-
diochemically pure, and protactinium-233 and zir-
conium-95 contaminants in the hafnium fraction are
resolved by gamma-ray spectrometry. The chemical
yield of the procedure is determined by counting after
reirradiation.

Atomic fluorescence

Three additional elements, selenium, tellurium, and
antimony were found by J. I. Dinnin to yield significant
atomic-fluorescence responses, making a total of eight
elements whose atomic fluorescence was first observed
in the Survey laboratory. This work was done with
flow-type electrodeless lamps built by A. W. Helz and
Dinnin.
Iinfrared determination of water in rocks

A technique was developed by I. A. Breger and . C.
Chandler for determining fixed water in rocks by in-
frared-absorption analysis. The method requires less
than 10 mg of sample, which can be recovered if neces-
sary, and has been adapted to a routine procedure for
all rock types except those containing clays. The method
requires less sample than the standard Penfield proce-
dure and does not depend upon thermal elimination of
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water from rocks. This work serves as a prelude for
development of criteria by which infrared spectra can
be used to discriminate between water and hydroxyl
groups in minerals.

Determination of nitrates in saline minerals

A method for determination of nitrates in saline min-
erals was devised by L. E. Reichen and J. J. Fahey.
‘When an aqueous solution of an alkali nitrate and an
excess of magnesium sulfate is evaporated to dryness
and then heated in a muffle furnace for 40 minutes at
700°C, magnesium oxide is formed in stoichiometric re-
lationship to the nitrate present in the sample. Silver
sulfate is added to counteract chloride which would
otherwise react like nitrate. The magnesium oxide is
determined volumetrically with sulfuric acid.

OPTICAL SPECTROSCOPY

Trace elements in native gold

The trace-element content of native gold collected
from streambeds and other geologic settings is used in
field studies of gold. Interesting changes in trace-ele-
ment content relative to location downstream from the
source are being noted. To aid this work, A. L. Sutton,
Jr., developed a direct spectrographic analytical proce-
dure of improved accuracy over the normally used
semiquantitative d-c arc procedure. Gold “nuggets”
ranging in size from 0.5 mm to 3.0 mm in diameter may
be analyzed. Such samples are hammered flat, and a
5- to 10-mg section is cut from the center. The section
is then chemically cleaned and dissolved. A 1-ml solu-
tion of the sample is evaporated on a graphite disk for
excitation in a spark source for spectrographic analysis.
Numerous occurrences of 16 metallic elements have been
found by this means.

Standards for spectrochemical analysis

Spectrochemical analysis is basically a comparative
procedure in which spectra of samples are compared
with spectra of reference standards of similar composi-
tion for deducing and calculating the elemental content
of the samples. The problem of obtaining suitable stand-
ards is a major one for the analyst, and increasing de-
mands in Survey laboratories for spectrochemical deter-
minations have made this problem especially acute.
A. T. Myers and A. P. Marranzino plan to alleviate this
problem by preparing glass standards which contain as
many metallic elements as possible. Two-hundred-pound
batches have been prepared which contain the analytical
elements in the following concentrations: blank, 0.5, 5,
50, and 500 ppm. Each of the last 4 batches has 45 geo-
chemically important elements in the above-noted con-
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centrations. The matrix simulates the composition of a
silicate rock. The product glasses were strair-fractured
and then ground to approximately 200 mesh in high-
purity alumina-lined mills. Because the prccedure for
preparing these standards does not give complete as-
surance that all the elements will be present in the ex-
pected concentrations, their concentrations in all the
standards will have to be determined analytically.

Combined fire assay-spectrochemical metho-s for gold
and platinum metals

Because of potentially inhomogeneous distributions of
gold and the platinum metals in geologic materials, large
samples for analysis are required. The techrique of fire
assay persists as a very effective and converient means
of concentrating, or collecting, these elements for subse-
quent detection by other analytical means. For reasons
of simplicity and speed, numerous attempts have been
made to complete the analysis spectrographically by
“burning” the fire-assay button or bead directly in a
d-c arc. Poor precision resulting from this direct ap-
proach has been the reason why investigators have in-
serted somewhat more complicating steps in the proce-
dure. Thus, as reported by L. B. Riley and Joseph
Haffty (in U.S. Geological Survey, r0439, p. A192), a
gold bead (the secondary collector) is dis-olved, and
‘evaporated aliquots of the solution are used for spectro-
graphic excitation. Pt is determinable to 10 ppb of the
original sample, Pd to 4 ppb, and Rh to 5 ppb. P. R.
Barnett, D. L. Skinner, and Claude Huffman, Jr. (p.
C161-C163) reported a combined fire-assay, ion-
exchange, and spectrographic technique for determining
Au, Pt, and Pd in ores. These elements are removed with
an ion-exchange resin from a solution. The resin is sub-
sequently dried, admixed with silica sand, ignited, and
the spectrum excited in a d-c arc. They achieved excellent
precision with limits of detection of 0.03 ppm for Au
and Pt and 0.01 ppm for Pd.

Direct excitation of the fire-assay bead s*ill remains
an attractive procedure because of its simplicity. Re-
newed efforts to accomplish this are being made by A. F.’
Dorrzapf, Jr., F. W. Brown, and F. O. Simon. It is
hoped the former difficulties of this apprcach will be
removed by special attention to details, the use of an
Ar-O, arc atmosphere, and by measuring the photo-
graphed spectral lines with a chart-recording micro-
photometer. Using 20-gram samples, gold for the sec-
ondary collector, and direct excitation of the bead,
detectabilities are: Pt, 2 ppb; Pd, 0.5 ppb; Rh, 4 ppb.
The method is not completed in that the precision has not
yet been established, but the detection limits and sim-
plicity of the procedure make further study worthwhile.
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X-RAY FLUORESCENCE

X-ray fluorescence determination of rare-earth elements

A combined chemical and X-ray fluorescence method
recently developed by H. J. Rose, Jr., and Frank
Cuttitta was applied by them to solution of several prob-
lems. As part of a systematic study of rare-earth dis-
tribution in apatite from various locations, rare-earth
concentrates weighing between 1.7 and 4.2 mg were
analyzed for the individual rare-earth elements. Two
new minerals—a cerium-earth carbonate, and braitsch-
ite, a calcium rare-earth borate—were also analyzed.
X-ray milliprobe

A new X-ray milliprobe designed specifically for in-
vestigations of small selected areas has added signifi-
cantly to the analytical capability of the laboratory.
This instrument replaces an earlier model that was lim-
ited largely to qualitative determinations. Conventional
spectrometers have flat-crystal optics that require a large
specimen area for maximum sensitivity. As the size of
the area under study becomes smaller, the efficiency of
flat-crystal spectrometers falls drastically. By convert-
ing to curved-crystal optics, intensities are improved
and such a focusing spectrometer is very effective in
viewing areas as small as 0.1 to 1.0 mm in diameter.
Using a solution-dilution method, determinations of Fe,
the rare-earth elements, and Ca can be achieved in the
nanogram range. The new unit should help considerably
in mineral analysis, particularly when only a small sam-
ple is available. It is also useful in examining small
single crystals qualitatively.

NEW METHODS IN WATER ANALYSIS

Determination of fluoride by specific-ion electrode

A simple and rapid method for determining ionized
fluoride in natural waters was developed by M. J. Fish-
man. A fluoride specific-ion electrode in combination
with a standard calomel reference electrode is used to
measure the fluoride-ion activity of the sample. The
electrode measures fluoride-ion activity regardless of
sample ionic composition or total ionic strength. Fluo-
ride-ion activity is equal to the product of the fluoride-
ion concentration and the fluoride-activity coefficient.
The fluoride-activity coefficient is estimated directly
from specific conductance and the fluoride-ion concen-
tration is then determined. Results compare favorably
with results obtained by the zirconium-Eriochrome
Cyanine R method.
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Atomic-absorption methods for determining minor
elements

Methods have been developed by M. J. Fishman for
the determination of trace amounts of silver and cad-
mium. The metals are complexed with ammorium
pyrrolidine dithiocarbamate at pH 2.3, the complexes
extracted into methyl isobutyl ketone, and the ke‘one
layer containing the metal chelates then aspirated. As
little as 0.5 pg/1 Ag or Cd can be detected.

Determination of cesium and strontium tracers in grewnd
water

V. J. Janzer reports that an improved method has
been developed for determining the amount of cesium
and strontium tracers in water samples collected during
ground-water studies. The dilute cesium-137 presert in
1- to 5-gallon samples is concentrated by passing the
water through a column of inorganic-ion-exchange ma-
terial that is highly specific for cesium. The amount
of cesium in the column is determined by gamma
counting.

Strontium-90, which remains in solution as it passes
through the column, is then concentrated by copre-ipi-
tation on calcium-magnesium phosphate. The phosphate
precipitate is dried and dispersed in a toluene-base
scintillation solution that is stabilized with silica gel.
The dispersed sample is then counted in a liquid scintil-
lation counter to determine the strontium-90 content.

Analyses by nuclear magnetic-resonance methods

In a series of studies using nuclear magnetic reso-
nance, Harry Babad, Washington Herbert, and M. C.
Goldberg (r2160), have prepared standard spectr~ of
40 compounds containing phosphorus(V). Deteiled
high-resolution spectra of each compound were obtained
and serve as a record for identification of pure com-
pounds. Correlations of structure with phosphorus
coupling constants were made and general trends noted
that aid in the use of nuclear magnetic resonance as a
tool for identification and analysis of these materals.

A rapid analytical method for the determination of
the isomer ratio of Systox-Sulfotepp mixtures was de-
veloped by Harry Babad, T. M. Taylor, and M. C. Gold-
berg (r2161). The integration circuit of a nuclear
magnetic-resonance spectrometer was used in conjunc-
tion with gas-liquid chromatography. The complete
analysis requires less than 0.1 g of sample and onl~ 15
minutes of time. The isomer ratio in the sample may be
determined to an accuracy of *1.5 percent without de-
stroying the original material.






GEOLOGY AND HYDROLOGY APPLIED TO

As the technological aspects of our society become
more complex, the application of geology and hydrology
to both engineering and public health also increases in
importance. For example, the public-safety aspect of
locating nuclear-reactor power generators requires un-
derstanding of potential geologic hazards such as
earthquakes; in fiscal year 1968 the U.S. Geological
Survey provided the U.S. Atomic Energy Commission
consultation on geologic and hydrologic aspects of the
safety of approximatey 25 proposed sites for nuclear-
power reactors. Also, the increasing concentration of
population and industry in urban areas requires greater
knowledge and understanding of the geologic and hy-
drologic environments for long-range beneficial land
and resource use. Other geologic and hydrologic studies
related to engineering and the public welfare are dis-
cussed in the following sections.

EARTHQUAKE AND CRUSTAL STUDIES
GEOPHYSICAL STUDIES

San Andreas fault-system earthquakes and
crustal strain

The telemetered network of short-period seismo-
graphs in central California was increased from 9 to 32
stations during 1967. The network extends along the
San Andreas fault system from San Francisco to Cho-
lame, although most of the stations are located in the
San Francisco Bay area for study of earthquakes on
the San Andreas, Hayward, and Calaveras faults. Seis-
mic signals from all stations are transmitted over tele-
phone lines to the National Center for Earthquake Re-
search in Menlo Park, Calif. An extensive system of
trilateration-triangulation networks, alinement arrays,
and level lines has been installed along the same general
segment of the San Andreas fault system, for study of
crustal strain and fault creep. Conventional geodimeter,
theodolite, and leveling techniques are used to measure
surface distortion. In addition, 1 magnetometer and 1
tiltmeter have been installed in the San Francisco Bay
area to begin experimental study of fluctuations in the
earth’s magnetic field and of surface warping that may
be associated with tectonic activity along the San An-
dreas fault system.

The density of seismograph stations and information
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on crustal seismic velocities along the San Andreas fault
system obtained from seismic-refraction profiling make
it possible to determine earthquake epicenters and focal
depths quickly and accurately with the use of high-sneed
computers. During the last half of 1967 approximstely
300 earthquakes occurred each month that were large
enough to be recorded on 4 or more stations. The highest
seismicity was found along the San Andreas fault from
Cholame to Watsonville and along the Hayward and
Calaveras faults north of Hollister. Only a few very
small earthquakes occurred along the San Andreas fault
on the San Francisco Peninsula between Watsonville
and San Francisco; this zone includes part of the fault
zone that ruptured during the 1906 earthquake.

Terrain surrounding the San Andreas fault at Lake
San Andreas on the San Francisco Peninsula has been
shown by geodimeter and theodolite observations to be
undergoing distortion by combined right-lateral shear
and areal dilation. The deformation is probably caused
by tectonic forces. Strain changes measured elsewhere
on the peninsula indicate that the fault zone is locally
undergoing concentrated loading, resulting in pos-ible
incipient slippage at certain localities.

In addition to the telemetered network of short-period
seismographs, portable short-period seismographs are
extensively used to probe the relationship betweer the
San Andreas fault and associated microearthquakes in
central California. J. P. Eaton and J. C. Roller (r2178)
analyzed microearthquakes recorded on a special 70-
km-diameter cluster of portable seismographs in the
area between Hollister and King City during July and
August 1967. The 18 stations of this cluster were aug-
mented by 11 additional temporary stations to reccrd 2
calibration shots that were detonated near the San An-
dreas fault southeast and northwest of Hollister. The
Bear Valley earthquake of July 22, 1967, with a magni-
tude of about 4.5 occurred along the San Andreas fault
near the center of the portable cluster and only € km
from one of the calibration shots. The focus was shal-
low—at a depth of about 5 km. More than 200 after-
shocks were recorded during the first 7 days after the
main shock, and aftershocks were still continuirg at
a rate of 5 to 10 per day at the end of 30 days. The epi-
centers were clustered around that of the main sho-k in
a region several kilometers across, with its longest axis
alongthe main fault.
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Seismic studies of crustal structure in San Andreas fault
zone

S. W. Stewart (r2174) has been studying the crustal
structure within the Coast Ranges of central California,
in which the Upper Cretaceous granitic rocks of the
Gabilan Range and the Upper Jurassic to Upper Cre-
taceous eugeosynclinal Franciscan Formation in the ad-
jacent Diablo Range represent two distinctly different
basement-rock types that are clearly separated by the
San Andreas fault system. One detailed seismic-refrac-
tion profile was established within each of these base-
ment-rock types to investigate the seismic-velocity char-
acteristics and deeper crustal structure, and to improve
the locating of local earthquakes. Each profile, about 200
km in length, was parallel to the San Andreas fault
zone and had 5 shot points distributed along it.

The Franciscan material of the Diablo Range is char-
acterized by velocities ranging from 3.2 to 5.0 km/sec
in the upper 2 to 4 km, below which the velocity in-
creases to 5.7 km/sec. The seismic data suggest that the
base of the Franciscan is at a depth of 10 to 15 km.
Below this the velocity is 6.8 to 6.9 km/sec, appropriate
for rocks of basaltic composition. The depth to the base
of the crust may be as much as 32 km. These results
suggest that the Franciscan sediments were deposited
directly on an over-thickened oceanic crust.

Exposed granitic material of the Gabilan Range is
characterized by compressional velocities in the range
5.9 to 6.1 km/sec. An unexpected feature is the ex-
tremely rapid attenuation of seismic waves in the dis-
tance range 40 to 80 km. If this attenuation is due to
a crustal low-velocity zone, the zone begins at a depth
of no more than 10 km. Although a likely cause of such a
zone may be the effect of increasing temperature with
depth, another possibility is that the granitic material
is underlain by lower velocity Franciscan material.

Ground motion

R. D. Borcherdt (r2179) has measured and analyzed
ground motion from seismic waves generated by nuclear
explosions in Nevada and propagated into the area
surrounding the southern part of San Francisco Bay.
These measurements reveal marked amplitude varia-
tions which are related consistently to the geologic
environment of the recording sites. The largest ground
motions relative to two base stations on bedrock were
recorded at the stations closest to San Francisco Bay
and appear to be related to the thickness of the un-
consolidated bay muds. Drill-hole information at three
of the recording locations indicates that the amplitude
increases as the thickness of the bay mud increases, the
largest variation being observed in the horizontal
ground motion rather than in the vertical ground
motion.
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Seismic studies of upper-mantle structure

The BARLY RISB experiment was an internstional pro-
gram to study the structure of the upper mantle beneath
the North American Continent. Shots fired in Lake
Superior in July 1966 were recorded to the continental
margins along profiles radiating from the shot point.
H. M. Iyer (r2177) and L. C. Pakiser (r2166) have been
jointly studying the traveltimes from these recordings
to obtain upper-mantle velocity models and have com-
pared these models with the velocity models of other
workers and the expected olivine-spinel trarsition zone
in the upper mantle. The olivine-spinel trarsition zone
for olivine consisting of 80-percent forsterite is pre-
dicted to occur at depths ranging from 335 to 475 km
for temperatures ranging from 1,200°C to 1,500°C. The
velocity model deduced by Iyer has a velocity transition
zone in the depth interval 360 to 470 km ir which the
velocity of compressional waves increases from about
8.5 to 9.5 km/sec. Velocity models recently proposed by
other workers % ¢7 % also have velocity transition zones
in the depth range predicted for the olivine-spinel
transition.

Comparative study of Alps and western United States

Claus Prodehl,*® a visiting scientist from the Univer-
sity of Munich, Germany, has made a comparative study
of crustal structure of the Alps and the western United
States from seismic-refraction profiles. Record sections
for the profiles recorded in the Alps and their foreland
show a consistent arrangement and a slight curvature
in the traveltime segments. This curvature is explained
by fairly large velocity gradients in the crust. A well-
established low-velocity zone is confined within the
depth range 10 to 20 km beneath the mountains, and
dies out beyond the Alps. At depths between 20 and 40
km a zone with a steep velocity gradient is found with
velocities ranging from 6.4 to more than 8.0 km/sec. This
zone is as much as 20 km thick, but thins with increas-
ing distance from the Alps.

Comparison of the Alpine studies with seismie-
refraction studies in the western United S*ates, based
on similar analysis, indicates the same general features
of the traveltime segments. No low-velocity zone is
observed in the Basin and Range province; there

8 R. W. E. Green and A. L. Hales, 1968, The traveltimes of P waves
to 30° in the central United States and upper mantle structure: Seismol.
Soe. America Bull,, v. 58, p. 267—289.

67 I, R. Johnson, 1967, Array measurements of P velocit'es in the upper
mantle : Jour. Geophys. Research, v. 72, p. 6309—6325.

&, R. Lewis and R. P, Meyer, 1968, A seismic investigation of the
upper mantle to the west of Lake Superior: Seismol. Soc. America Bull.,
v. 58, p. 565--596.

& Claus Prodehl], 1968, Crustal structure of the Alps from seismic-
refraction measurements and a comparison with some profiles in the
western United States [abs.]: Geol. Soc. America C rdilleran Sec.,
Seismol. Soc. America, and Paleont. Soc., Ann. Mtg.,, Tucson, Ariz.,
1968, Program, p. 98.
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fairly sharp discontinuity separates the upper crust
from the lower crust.

Aeromagnetic studies of continental structure

Isidore Zietz (U.S. Geol. Survey) and P. T. Taylor
and L. S. Dennis (Naval Oceanographic Office) have
analyzed aeromagnetic data obtained by the Naval
Oceanographic Office from a survey extending from the
Gulf of Maine to the tip of Florida (r1194). The survey
traversed parts of the Piedmont and Coastal Plain
provinces and extended 200 miles beyond the Conti-
nental Shelf into the Atlantic Ocean. A continuous mag-
netic high is located on or near the Continental Slope
from northern Maine to approximately lat 36° N., at
which point the anomaly splits. Both magnetic trends
parallel the 850-fathom contour to lat 31° N., and
swing westward near Brunswick, Ga. South of lat
31° N, the Continental Slope is not paralleled by a
magnetic anomaly. It is possible that these continuous
anomalies mark the edge of the Appalachian continental
land mass and are evidence of igneous rocks which have
invaded the crust along a fault zone that marked the
edge of the continent. The magnetic data suggest that
Florida and parts of Georgia were accreted onto the
old continent in pre-Ordovician times. Seaward from
the Continental Slope anomaly, the magnetic map is
comparatively featureless. Several interpretations are
possible, but Zietz and his coworkers suggest that in this
area the oceanic crust consists of relatively nonmagnetic
greenstones derived mainly from basalt flows.

GEOLOGIC STUDIES

The breadth and scope of current geologic research
on the United States’ most active fault system, the San
Andreas, were disclosed at a symposium held at Stan-
ford University, September 14-16, 1967, and jointly
sponsored by the University and by the National Center
for Earthquake Research of the U.S. Geological Sur-
vey. The results of the symposium are contained in a
400-page volume edited by W. R. Dickinson (Stanford
Univ.) and Arthur Grantz (U.S. Geol. Survey) and
titled: “Proceedings of the Conference on Geologic
Problems of the San Andreas Fault System.” Much of
the current geologic research by the Geological Survey
cited below is described more fully in the symposium
volume.

Patterns of historic and geologically recent fault move-
ment

As part of the continuing program to define and
evaluate earthquake risk along the San Andreas fault,
Geological Survey investigators have prepared strip
maps which show active strands of the fault or those
strands that have moved most recently. Six maps cover
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the San Andreas fault from Point Arena on the north
to the Mexican border on the south. Several of these
have been released in the past year, and those row
available to the public cover Tomales Bay to Bolinas
Bay,™ northern Gabilan Range to Cholame Valley (R.
D. Brown, Jr., r1378), Cholame Valley to Tejon Fass
(J. G. Vedder and R. E. Wallace, r1877), and Tejon
Pass to Cajon Pass (D. C. Ross, r1376). Maps in prepa-
ration or nearing completion will show parts of the
fault from Point Arena to Tomales Bay (E. W. Wolfe
and R. D. Brown, Jr.), Bolinas Bay to northern Gabilan
Range (E. H. Pampeyan), and Cajon Pass to Sal‘on
Sea (R. A. Hope). The maps are the first to show
accurately the location of all known and suspected active
breaks along the entire landward portion of the fan
Andreas fault. They also show that most of the active
breaks overlap slightly and are a few hundred to many
thousands of feet long, although two breaks may paral-
lel each other or one may splay or branch from anotl -r.
Long linear breaks are less common ; but one was traced
for about 9 miles in the Carrizo Plain and another,
more than 18 miles long, marks the fracture zone that
accompanied the 1966 Parkfield-Cholame earthqual-e.

Another outgrowth of the strip map investigations
is an accumulating body of evidence showing that dif-
ferent segments of the San Andreas fault postess
characteristic movement patterns and seismic activity.
Most segments of the fault have not moved appreciably
since the last major earthquake—1906 in the north»rn
part of California, 1857 in the southern part of the
State—even though resurveyed triangulation nets stow
that deformation of the crust is continuing. A few seg-
ments, like that near Parkfield and Cholame, exhibit
recurring low- to moderate-magnitude earthquakes
accompanied by spasmodic fault movements, and still
other segments appear to move largely by tectonic cr~ep
with few or no large earthquakes. These characteristics
of different parts of the San Andreas fault are described
and discussed by R. D. Brown, Jr., and R. E. Wallace
(r1716). From measurements of offset manmade fea-
tures of known age they find that a part of the fault
between Paicines and Cholame Valley—or about nrid-
way between the 1906 and 1857 fault breaks—is moving
at-an average rate of about 0.8 inch per year. Along this
part of the fault movement is largely by tectonic craep
which has been relatively constant for the period of
historic record (about 50 years), and displacement is
continuing now as shown by recurring fractures in
paved roads. Earthquakes are frequent along this p~rt
of the fault, but most are of relatively low magnitude.

7 R, D. Brown, Jr., 1967, Most conspicuous strands of the San And-eas

and related faults, southwestern Marin County, California: U.S. CGool.
Survey open-file rept., map with text, 1 sheet.
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Brown and Wallace contrast these characteristics with
those found in the part of the San Andreas fault that
extends southward from Cholame Valley to Camp Dix
along the trace of the great 1857 fault break. Despite its
record of past activity this part of the San Andreas
fault is crossed by 50-year old fences that are perfectly
alined ; moreover, it is seismically one of the most quiet
sections of the entire San Andreas fault.

Additional insight into the movement patterns of the
Cholame Valley-Camp Dix segment of the San An-
dreas fault is offered by Wallace (r1729) in a separate
investigation. From a statistical analysis of right-
lateral offsets of stream channels he concludes that the
offsets were caused by abrupt fault movements (plus
some tectonic creep) that commonly amounted to tens
of feet. A significantly large number of streams are
offset about 30 feet and these he relates to fault displace-
ments that accompanied the 1857 earthquake, and to
tectonic creep immediately following it. Accurate geo-
chronologic dating of the larger (and hence older)
stream offsets would provide a powerful tool for deter-
mining rates of fault movement ; efforts along these lines
are continuing, but no generally applicable technique
has yet been found.

Other California faults are also yielding evidence of
modern activity. M. G. Bonilla (r1715) has uncovered
reliable documentary evidence bearing on the contro-
versial direction of fault movement during the 1872
Owens Valley earthquake. The field notebooks of G. K.
Gilbert and W. D. Johnson, obtained from the National
Archives, clearly document right-lateral movement
along the fault near Lone Pine, and several of the re-
lations described by Gilbert and Johnson are verified
by Bonilla. From these records, from evidence afforded
by property surveys, and from reports of damage in the
Los Angeles aqueduct tunnel where it crosses the fault,
Bonilla concludes that offsets now apparent along the
fault are evidence not only of the catastrophic 1872
fault movement, but also of a significant amount of
postearthquake tectonic creep.

On the east side of San Francisco Bay D. H. Radbruch
(r1725) has found additional evidence of tectonic creep
along the Hayward fault zone and has uncovered rela-
tions that show the Pleasanton fault near Pleasanton
moved in historic time. She also cites evidence that
movement on the Calaveras fault is the probable cause
of spillway damage at Coyote Dam near Gilroy, and
reports documentary evidence that movements along the
Calaveras fault disrupted the ground surface near Dub-
lin during a severe earthquake in 1861.

Tectonics of San Andreas fault system

Evidence of displacements in past geologic time was
gathered by several investigators, further substantiat-
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ing the right-lateral displacement for the main San
Andreas fault, and contributing new evidence on rates
of displacement. New data on offset stratigraphic units
were gathered and interpreted by J. C. Cummings,
W. O. Addicott, C. M. Wentworth, and H. E. Clifton.

Cummings (r1719), in a study of the S'anta Clara
Formation of Pliocene and Pleistocene age, deduces
that Corte Madera facies gravels west of the San An-
dreas fault are displaced from their original position
opposite a Cretaceous source area east of the fault. The
source area is identified on the basis of characteristic
lithologies that are common to it and to boulders, cob-
bles, and pebbles of the Corte Madera facies; its original
position is inferred from the manner in which clastic
rocks of the Corte Madera facies coarsen with proximity
to the fault. The model thus envisioned by Cummings
requires approximately 17 miles of right-lateral move-
ment since deposition of the Santa Clara Formation,
and implies rates of movement of about 0. of an inch
per year for the past 2 to4 m.y.

Study of the provincial Pacific coast molluscan
“Vaqueros stage” has convinced W. O. Addicott (r0242)
that the present distribution of the warm-water
“Vaqueros” fauna reflects substantial post-early Miocene
right-lateral strike slip on the San Andreas fault. The
index fossil for the “Vaqueros stage,” Twurritella
inezans Conrad has been found to range northward to
Point Arena west of the San Andreas fault (Addicott,
r0352), but east of the fault it has been found no farther
north than the northern Diablo Range. Other “Vaqueros
stage” fossils exhibit a similar distribution across the
San Andreas fault, and the apparent offset is further
substantiated by the distribution of northern cooler
water “Blakeley stage” megafossils that Addicott shows
are contemporaries with those of the “Vaqueros.” He
finds that right-lateral shifts along the S~n Andreas
fault of 120 to 200 miles are required to compensate for
the offset provincial boundaries. Addicott (r1714) has
assembled similar faunal-distribution data for “Lin-
coln,” “Temblor,” and “Margaritian stage” molluscan
assemblages, and these data plus known litl nlogic rela-
tions enable him to reconstruct the pattern of mid-
Tertiary marine basins. These basins, too, demonstrate
right-lateral offsets at the San Andreas faul* and verify
rates of movement determined by other techniques.

A minimum of 270 miles of right-lateral strike slip
on the San Andreas fault since Cretaceous time is re-
quired by facies relations described by C. M. Wentworth
(r1730). His studies of the Gualala Group of White
(1885)7* of northern California have disclosed an un-
usual sedimentary facies characterized by plagioclase

71C, A, White, 1885, On new Cretaceous fossils from California: U.S.
Geol. Survey Bull. 22, p. 8.



EARTHQUAKE AND CRUSTAL STUDIES

arkose and a conglomerate that consists of gabbro and
quartz diorite clasts. No nearby source for these rocks
is possible, and the nearest potential source lies across
(east of) the San Andreas fault and more than 270
miles to the southeast.

Cyclical patterns of deposition in middle Miocene
age rocks of the Caliente Range are believed by H. E.
Clifton (r1718) to document episodic movements on the
San Andreas fault which presumably formed the north-
eastern boundary of the depositional basin in which
these rocks were deposited. Clifton notes a cyclical
gradation upward from marine to continental rocks,
suggests that this indicates progradation across a sea-
ward-shifting strandline, and infers that this pattern
can best be explained by periodic fault movements alter-
nating with periods of tectonic quiescence. Cyclical sedi-
mentation ended in late middle Miocene time. Subse-
quent deposition was dominated by floods of granitic
debris deposited as alluvial fans derived from a massive
granitic source to the northeast—a source that was ap-
parently emplaced by lateral movements along the San
Andreas fault.

Other investigators have contributed new structural
geologic analyses of parts of the San Andreas fault sys-
tem. Relations between the San Andreas fault and
closely related structures such as the Banning, Mission
Creek, and San Jacinto faults were studied in the San
Gabriel, San Bernardino, and San Jacinto Mountains
by T. W. Dibblee, Jr. (r1720), who infers a complex
pattern of fault movement and geometry, but one domi-
nated by right slip and intimately related to the pres-
ent San Andreas fault.

Farther to the southeast, field studies by R. A. Hope
in and near Joshua Tree National Monument contribute
new data on several west-trending left-lateral strike-slip
faults, the largest of which are the Pinto Mountain fault
and the Blue Cut fault. This group of faults shows
marked similarities to one in the Transverse Ranges 150
miles to the northwest. On the basis of his fieldwork,
Hope suggests the two fault groups were once joined
and alined, and have been offset and separated by right
slip on the San Andreas fault system.

J. G. Vedder and R. D. Brown, Jr., (r1728) report
that south of the LaPanza Range the Nacimiento fault,
although subparallel to the San Andreas fault and al-
most certainly related to it, displays clear-cut strati-
graphic and structural evidence of vertical movement
with the west side up. This sense of movement appar-
ently represents the major displacement on this seg-
ment of the Nacimiento fault, although other move-
ments that were comparatively small are evident locally.
The main episode of fault movement was in early Terti-
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ary time, for rock units of middle Miocene age and
younger do not show the profound dislocation found
in older strata. Vedder and Brown suggest that the
Nacimiento fault is offset right laterally approximately
10 miles by the Big Pine fault and that it continues
southward as the Pine Mountain fault. On the basis of
offset streams, a reported 1852 surface fracture in Lock-
wood Valley, and faulted Quaternary terrace deposits,
they consider the Big Pine fault to be currently active.

Farther north, fieldwork by R. A. Loney on the Burro
Mountain ultramafic body in southwestern Monterey
County has revealed significant new evidence conce™n-
ing the Nacimiento fault. Loney has found that much
of the profound stratigraphic dislocation formerly
ascribed to this fault is in reality localized along an
eastward-dipping low-angle (20°-25°) thrust fault. In
two areas northeast of the Nacimiento fault, the thrust
fault brings unmetamorphosed sedimentary rocks of
Paleocene(?) age into fault contact with highly de-
formed Franciscan (Jurassic and Cretaceous) cata-
clastic rocks. The thrust fault is cut by the Nacimiento,
showing that thrusting preceded latest movement on
the Nacimiento fault.

ENGINEERING GEOLOGY

The effect that faulting has on the ground surface is
important in the siting and design of nuclear reactors
and other major engineering structures. In a study for
the U.S. Atomic Energy Commission of historic sur-
face faulting in the United States and parts of Mexico,
M. G. Bonilla (1257) reached the following conelu-
sions: (1) subsidiary faulting commonly accompanies
the main faulting at the ground surface; (2) the mrain
fault zone and the zone of subsidiary faults are nar-
rower for strike-slip faults than for normal, reverse, or
oblique-slip faults; (3) subsidiary faulting has occurred
at distances of as much as 1.8 miles from strike-slip
faults and as much as 8.5 miles from other types; ™ and
(4) three historic earthquakes have been accompanied
by surface displacements of 0.3 to 4 feet on subsidiary
faults at distances of about 8 miles from the main fanlts.

New evidence of recent slippage along the Calaveras
fault zone in California southeast of San Francisco
Bay has been found by D. H. Radbruch. Damage to
the spillway of Coyote Dam northeast of Gilroy is prob-
ably due to fault movement, and a little farther north,
the Cochrane Bridge, which crosses the fault zone at
the south end of Anderson Reservoir, has been warmed
and deflected by recent movement along the fault zone.

72 An earthquake in Alaska in 1899 may have been accompanied by
subsidiary faulting as much as 21 miles from the main fault.
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*An examination of old records indicates that a major
earthquake in 1861 was accompanied by rupture of the
ground surface along the Calaveras fault zone along the
west side of San Ramon Valley.

URBAN AND SPECIAL ENGINEERING
STUDIES

URBAN STUDIES

Engineering geology in Denver metropolitan area

M. E. Gardner and C. G. Johnson have Initiated a
cooperative project with the Inter-County Regional
Planning Commission, Denver, Colo. The objective of
the project is to produce engineering-geology maps of
much of the Denver-Boulder region at a scale of
1: 24,000. Discussions with county and municipal plan-
ners and engineers are clarifying geologic terminology,
describing local geologic conditions of engineering sig-
nificance, and aiding in a revision of subdivision design
regulations. Discussions are mutually beneficial because
they are providing the geologists with a better under-
standing of the needs of the principal users of the geo-
logic maps, and these needs can be more effectively
taken into consideration when the maps are prepared.
The project is timely in that the Colorado legislature
recently enacted an amendment to the State subdivision
regulations which will permit counties to require an
investigation of geologic and soil conditions of a pro-
posed subdivision before design plans are approved.
This action by the legislature reflects a growing aware-
ness of the importance of geologic conditions to the
planning of residential subdivisions.

Basin development increases dissolved solids in streams

Studies by J. R. Crippen indicate that the outflow
from 1963 to 1965 of dissolved solids from the basin of
Sharon Creek, on the San Francisco Peninsula of cen-
tral California, was more than 10 times that which
would have occurred had the basin remained in its na-
tural state. From October 1961 to September 1962 about
35 percent of the 245-acre basin was converted from pas-
ture and brushland to use as an irrigated golf course, and
construction of 15 percent was taken for houses, office
buildings, and other roofed or paved areas; 50 percent
of the basin was unchanged. Concentration of dissolved
solids in streamflow leaving the basin was found to be
slightly higher in the postdevelopment period than it
had been under natural conditions, and the amount of
storm runoff was greatly increased. Comparison with a
nearby control basin that remained undeveloped re-
vealed that under natural conditions about 18 tons of
dissolved solids would have been carried from the
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Sharon Creek basin by streamflow from 1963 to 1965.
The actual amount removed during the 3-year period
was about 144 tons.

Effect of urbanization on runoff

Substantial property damage can occur if the effect
of urbanization on runoff is not taken into account in
the design of stream-channel improvements and
bridges. W. B. Mills found that when 3.53 inches of
rain fell on the Turtle Creek watershed in Dallas, Tex.,
within a 5-hour period on April 28, 1966, runoff was 92
percent from this wholly urbanized area of 7.98 sq mi.
A nearby partly urbanized watershed of 7.51 sq mi had
85 percent runoff from 4.86 inches of rainfall during the
same storm. Although the amount or intensity of the
rainfal]l would normally occur several times in 50 years,
the combination of the two in 1966 was such that pre-
vious historic floods were exceeded at many places, and
channels and bridges could not accommodate the runoff
that resulted.

Effect of urbanization on siream temperature

In a study of the effect of urbanization on stream
temperature, E. J. Piuhowski chose five streams on
Long Island, N.Y., for detailed analysis. Summer tem-
peratures in streams most affected by man’s activities
are 10°F to 15°F above those in the upper reaches of the
Connetquot River, which was selected as ¢ control be-
cause it flows through one of the few remsining unde-
veloped areas of central Suffolk County. Pluhowski
observed that whereas temperatures are significantly
higher in summer, winter temperatures mey be 5°F to
10°F lower than those observed in reaches unaffected by
man.

Under natural conditions, the bulk of the streamflow
on Long Island originates as ground-water outflow, and
less than 5 percent stems from direct surface runoff.
In the highly urbanized areas of Nassau County the
proportion of streamflow originating as strface runoff
has increased sharply since 1945. In these s.veas, during
periods of heavy rainfall, reaches affected kv street run-
off may show temperature patterns that are markedly
different from those observed in strerms flowing
through natural environments. For example, during the
period August 25-27, 1967, a series of heavy rainstorms
spread over all of Long Island. Throughout this pe-
riod, temperatures at each of the five observation sites
on the Connetquot River showed little day-to-day
change. In contrast, in the upper reaches of East Mea-
dow Brook, which drains highly urbanized central Nas-
sau County, temperatures increased steadily in response
to the relatively warm street runoff. By August 27,
water temperatures had risen 10°F to 12°F above pre-
storm levels and were 15°F higher than temperatures in
the control stream.
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Water pollution in a limestone area

A study by E. J. Harvey and John Skelton (p. C217-
C220) at Springfield, Mo., has shown how urbanization
of a karst area can cause pollution of ground water and
change the natural hydrologic regimen. Dye tests seis-
mic studies, and seepage runs were used to prove that
effluent from Springfield’s main sewage (secondary)
treatment plant enters open cracks in the Mississippian
limestone bedrock in Wilson Creek, travels under-
ground where it cannot be purified by aeration, and re-
appears in a spring 1.35 miles downstream. Effluent
losses are inversely proportional to the height of the
water table. A sink hole 0.1 mile upstream from the
spring takes part of the flow of Wilson Creek at low
stages. The flow into the sinkhole passes beneath the
creek channel at a rate of about 0.3 foot per second and
reappears in the spring. When ground-water outflow
and creek stages are high, the sinkhole functions as a
relief valve and discharges water into the creek.

SPECIAL ENGINEERING STUDIES

Infrared surveys detect coal-mine fires

Aerial infrared surveys were made by R. M. Moxham
and G. W. Greene (Moxham "3, Moxham and Greene ™,
and Greene °) of 22 coal-mine fires at various places in

Pennsylvania. The objectives were to define areas of,

abnormal surface temperature associated with the fires
and to determine the value of such surveys to detect
underground fires. As 8 of the areas were resurveyed
after 4 months and 1 area was surveyed 3 times, it was
possible to provide the U.S. Bureau of Mines with data
on the progress and effectiveness of control measures.

The surveys defined the extent of shallow fires (less
than 10 m), and several fires were revealed in areas pre-
viously believed to be free of fire. Several years are
required for a thermal anomaly to reach the surface by
heat conduction from a fire at intermediate depths (10—
30 m). At least a decade is necessary for a thermal
anomaly to reach the surface by conduction alone from
depths greater than 30 m. However, heat transfer by
convection in open cracks provides useful data to the
infrared surveys concerning the extent of most inter-
mediate and deep fires.

Relation of earthquakes to coal mining at Sunnyside,
Utah

Most of the earthquakes that have originated in the
Sunnyside mining district of east-central Utah in the

78 R. M. Moxham, 1967, Infrared surveys at Scranton and Laurel Run,
Pennsylvania : U.S. Geol. Survey Tech. Letter BM-1, 5 p., 5 figs.

“R. M. Moxham and G. W, Greene, 1967, Infrared surveys of coal
mine fires in the anthracite and bituminous fileds, Pennsylvania : U.S.
Geol. Survey Interagency Rpt. BM-2, 50 p. 35 figs.

% G. W. Greene, 1968, Interpretation of subsurface temperatures in

the Laurel-Georgetown area, near Wilkes-Barre, Pennsylvania: U.S.
Geol, Survey Interagency Rept. BM-3, 14 p., 9 figs.
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past 5 years apparently were caused by stress changes
and stress concentrations induced by mining activi‘ies.
According to C. R. Dunrud, of the 1,500 tremors re-
corded by all the stations of the Geological Survey’s
local seismic network during this period, most origi-
nated within or near the map position of the mine
workings. Of a total of about 200,000 smaller trerrors
recorded only by those stations near the active rine
workings, many showed a cyclic frequent pattern that
correpsonded to the miners’ workweek. In addition,
there is an irregular longer term pattern of seismic
events of both small and relatively large magnitude
which cannot now be correlated with any aspect of
mining.

Stress changes in rock related to geologic structures by
use of newly developed borehole probe

Changing stress conditions in rock masses are pre-
sumed to be related to geologic factors. Any chenge
of the existing stress tensor is related to the attitude
and physical properties of such geologic structures as
faults, joints, foliations, shear zones, lineations, and
bedding planes. To quantify this relation, T. C. Nichols,
Jr., J. F. Abel, Jr., and F. T. Lee (r1512) have devel-
oped a high-modulus, solid-inclusion borehole probe
that can be strongly bonded to a rock mass, and that is
capable of measuring strains to determine 3-dimen-
sional stress changes essentially at a point within the
rock.

The probe was fabricated from a 1-inch chrome-
alloy steel ball, mounted with 3 strain-gage rosettes,
and encapsulated in a waterproof epoxy stiffened with
additives. The probe’s reliability was established by
subjecting it to hydrostatic and triaxial stress fielc's of
changing magnitude. In all these tests the probe re-
sponded as predicted by elastic theory. Computer 2ual-
ysis is used to compute the 3-dimensional stress tensor
from field measurements.

Field testing of the probe began in December 1966.
Four probes were installed at each of two locations in
the Front Range west of Denver, Colo.: in the Colorado
School of Mines experimental mine at Idaho Springs,
and in the U.S. Bureau of Reclamation’s test adit at the
proposed Two Forks damsite. Stability of the probe
and reliability of measurements have been good. Revults
to date have demonstrated the intimate relation of stress-
field changes to attitudes of foliation, joints, and fanlts,
as well as to original rock stresses and mining
operations.

Slope stability at Anchorage, Alaska
At the request of the Alaska Railroad, D. J. Varnes

(r1380) made a study of the engineering-geology
problems affecting industrial development of the Alaska



A150

Railroad Terminal Reserve and adjacent lands in the
port area of Anchorage. On the basis of a program of
detailed topographic mapping, and soils exploration,
sampling, and testing by engineering firms, the study
concluded that parts of the slopes adjacent to proposed
developments are marginally stable under existing con-
ditions, and potentially unstable if shaken by an earth-
quake. Construction of filled land in the tidal-flat area
of the port has contributed to poor drainage of surface
water. Varnes recommended that future construction
be allowed only after geologic problems have been recog-
nized and taken into account in the design of each new
development.

INVESTIGATIONS RELATED TO
NUCLEAR ENERGY

TEST-SITE STUDIES

Since 1956 the U.S. Geological Survey has provided
geologic and hydrologic information to the U.S. Atomic
Energy Commission (AEC) and the Department of
Defense in support of the underground nuclear-testing
and development program of the United States. In
recent years the tests have become larger and more
complex, and the requirements for appropriate geologic
environments have become more severe.

Most of the nuclear tests have been made at the AEC
Nevada Test Site. However, late in 1966 the commission
announced that it was necessary to investigate the suita-
bility of central Nevada and Amchitka Island, Alaska,
as test sites to supplement the capability of the present
Nevada Test Site for underground nuclear explosions.

In 1967 extensive drilling and exploratory programs
were started in those areas to evaluate their suitability
for nuclear testing. In addition, earth-science investiga-
tions continued at the Nevada Test Site.

Nevada Test Site

The principal underground test areas at the Nevada
Test Site are Yucca Flat, Rainier Mesa, Frenchman
Flat, and Pahute Mesa. The Rainier Mesa tests are con-
ducted in tunnels, and tests in the other test areas are
conducted at the bottom of vertical drill holes.

The Geological Survey maintains a systematic pro-
gram for the continual collection of geologic and hydro-
logic data from all drill holes and tunnels at the Nevada
Test Site. Subsurface correlation of stratigraphic units
is kept current, and constant evaluation of the geologic
and hydrologic environment is under review. Favorable
sites for future tests are selected and explored in accord
with a program to provide an adequate number of sites
well in advance of current requirements.

GEOLOGY AND HYDROLOGY APPLIED TO ENGINEERING AND THE PUBLIC WELFARE

The Survey’s new in-hole gravity meter was used at
the Nevada Test Site to determine the in-situ density
of rocks overlying nuclear tests, and some large-diameter
drill holes were descended by a man with a standard
gravity meter. In Yucca Flat the alluvium density aver-
ages 1.80 g/cu cm in the south-central part, and 1.96
g/cu cm in the northern part. In Frenchman Flat the
alluvium density averages 2.03 g/cu cm. At Fahute Mesa
the density of the volcanic rocks ranges from 1.83 to
2.12 g/cu cm. At many places the density of the allu-
vium is nearly that of the underlying volcanic rocks.

The Survey has developed two geophysical techniques
to evaluate the stability of rocks in advance of actual
tunneling at Rainier Mesa: (1) an inexpensive method
of generating consistently recognizable shear waves by
the detonation of Primacord backing on aluminum
plates emplaced in the tunnel, developed by R. D. Car-
roll, and (2) instrumentation developed by Carroll and
D. R. Cunningham to measure electrical resistivity and
seismic velocity in horizontal drill holes that are drilled
ahead of the mining face. The resulting measurements
have been correlated with rock stability in order that the
ground can be evaluated in advance of mining. To date,
horizontal drill holes 830 and 960 feet long have been
logged successfully.

J. R. Ege has developed correlation curves that relate
Schmidt hammer (portable rock-classification hammer)
values to unconfined compressive strength and elastic
properties of tuff in Rainier Mesa. This technique en-
ables the geologist to estimate immediately rock prop-
erties at the field site, either on the outcrop or from cores
from drill holes.

N. K. Yacoub, J. H. Scott, and F. A. McKeown have
developed a computer program for tracing the path of
seismic waves from an underground explosion. It is
anticipated that with this program it will b= possible to
predict ground motions from explosions along any path
for which the geologic conditions are known.

The BILBY event, an intermediate-yield nv-lear explo-
sion detonated within the zone of ground-water satura-
tion at the Nevada Test Site, produced a collapse chim-
ney of much higher permeability than the surrounding
rock, which is volcanic tuff. Two postshot drill holes
have been used to study the hydrologic and radiochem-
ical changes produced by the explosion. O hole, the
reentry hole, was drilled directly into the collapse chim-
ney, and the other hole, the offset hole, was drilled 400
feet away on the down-gradient side of ground zero.
Radioactivity logging and analyses of weter samples
from the offset hole indicate that radioactivity from the
explosion is distributed only horizontally, parallel to
the bedding in the tuff, rather than radially from the
shotpoint as had been predicted. After hydrologic test-
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ing of the tuff section, the offset hole was deepened into
the underlying Paleozoic carbonate rock, and the tuff
section was cased off. Twelve million galtons of water
was pumped from the carbonate aquifer, and analyses
were made for radiochemical constituents. None of the
analyses indicated that the samples had radioactivity
levels above background. Absence of water-level fluctua-
tions in the reentry hole during pumping of the offset
hole indicates that no major hydraulic connection exists
between the collapse chimney and the underlying car-
bonate aquifer.

In October and November 1967, D. B. Grove, W. W.
Dudley, Jr., and D. A. Baldwin conducted pumping
tests of a fractured-dolomite aquifer at the Geological
Survey tracer site in the Amargosa Desert, which is
down the hydraulic gradient from the Nevada Test Site.
Duration of the tests ranged from 3 minutes to 51 hours.
Water levels in observation wells at distances of 223,
316, and 400 feet from the discharge well were monitored
during the 51-hour test. In the first 214 minutes of pump-
ing, during which most of the drawdown occurred,
drawdown measurements were hampered by oscillation
of water levels in the 2 observation wells and in the
pumping well. Data for the first hour from the 400-foot
well, which did not oscillate, provided a good fit to type
curves for a nonleaky artesian aquifer. Significant
fluctuations in all wells from barometric pressure
changes and earth tides prevented the use of long-term
data for detecting leakage or hydrologic boundaries.
During the 3-minute test, a pressure transducer was
installed in the observation well at a distance of 223
feet, and the response was documented on a high-speed
recorder. The inflection points on the oscillatory draw-
down curve were chosen as data points for analyzing
aquifer properties. As shown in the following table,
the values of transmissibility (7') and coefficient of stor-
age (8) were almost the same for all three wells.

Ceniral Nevada Test Site

The suitability of the northern part of Nye County,
Nev., for high-yield nuclear tests was appraised by ex-
tensive exploratory-drilling programs. This area, be-
cause of its remoteness, is thought to be better suited
for high-yield tests than is the Nevada Test Site.

Hot Creek Valley was selected as the site for the first
nuclear test in central Nevada, and at the end of 1967
preparations were completed for the first test. The Sur-
vey mapped topographically and geologically five
15-minute quadrangles in Hot Creek Valley and the sur-
rounding ranges. Three caldera complexes were identi-
fied in the area which, because of their great thickness
of volcanic tuff, provide ideal sites for nuclear testing.

The Hot Creek—Morey Peak caldera is about 15 miles
across and is cut by large Basin and Range faults with
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as much as 10,000 feet of aggregate vertical displace-
ment. A striking feature of the caldera is a marginal
zone of megabreccia containing giant slide blocks of
tuff and Paleozoic rocks from the caldera walls. Re-
surgence of Morey Peak resulted in a domal structure
in the Tertiary tuffs, but the uplift does not appear to be
reflected in the Paleozoic rocks. Stratigraphic studies of
the Tertiary volcanic rocks show that two and possibly
three distinct sequences of ash flows are present soith
and north of, and within, the caldera.

Two calderas are present in the Pancake Range. ""he
northern, younger one is about 12 miles in diamet‘er.
The southern one is at least 20 miles in diameter and is
elongate in a north-northeast direction; its eastern vall
is buried in Railroad Valley and its western wall is
buried in Hot Creek Valley. The southern wall is of et
at least 10 miles in a left-lateral sense by a northwast-
trending transcurrent fault that truncates the north
end of the Reveille Range.

G. D. Bath and D. L. Healey have successfully u<ed
a method of combining aeromagnetic data and gravity
data to estimate the thickness of alluvium and volcanic
rocks buried beneath the valleys of central Nevada. "he
alluvium is considered to be nonmagnetic and the mag-
netic-anomaly gradients are used to calculate the depth
of the alluvium-volcanic rock contact. Taking these
depths as a measure of alluvium thickness, the gravita-
tional effect of alluvium is removed from the total grav-
ity anomaly, and the resultant gravity anomaly is ana-
lyzed to give the thickness of the underlying volcanic
rocks. Assumptions of rock density are based on a weslth
of density data from geophysical logs, in-hole grav:ty-
meter measurements, and laboratory measurements
from cores, and by calibrating values to make the depth
interpretations equal to the actual depths found in d-ill
holes.

Hydrologic studies by the Survey are designed to
evaluate the effect of nuclear explosions on ground
water and to provide hydraulic data on the inflow of
water into underground excavations and drill holes.
In the alluvium of northern Hot Creek Valley, the esti-
mated movement of ground water is 0.5 foot per day
or less. Hydraulic tests in deep drill holes indicate that
some intervals of welded tuff have sufficiently low per-
meability to permit construction of underground cham-
bers at a depth of 5,000 feet below the water table.

As part of continuing research to assess the response
of aquifers and wells to seismic motion generated by
nuclear explosions, water levels or pressures in selected
wells were monitored for the raUrLTLESs event (Jan.
19, 1968) in Hot Creek Valley. Data presently available
for sealed and open wells are tabulated below. T ey
indicate that well construction and local geology and
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hydrology exert significant controls on the effect of
seismic events, particularly in the case of open wells.

Amchitka Island, Alaska

In 1967 several drill holes as much as 7,000 feet in
depth were drilled on Amchitka Island, near the west-
ern end of the Aleutian Islands chain, to explore for
sites suitable for high-yield nuclear explosions. Because
of its isolation, the island was selected late in 1966 as a
site for evaluation of its testing capability.

The Geological Survey has mapped the geology of the
island, has selected the sites to be drilled, and has kept
a current geologic and hydrologic appraisal of the sub-
surface environment as drilling progressed. Magnetic,
gravity, and infrared surveys supplement the surface
geologic surveys and the drill-hole data.

Three sites have been explored by drilling. Two sites
are considered satisfactory for nuclear tests; the other
was abandoned because of the presence of a large high-
angle fault.

The rocks on and beneath the island are mainly
propylitized volcanic breccia with subordinate intrusive
and submarine volcanic rocks.

Hydrologic studies by the Survey are designed to de-
termine the ground-water flow system of the island, to
determine the water yields of specific rock units, and to
determine the pre- and post-explosion quality of the
water on the island. The propylitized breccias have very
low permeability, but the numerous joints and faults
may contain much water.

PLOWSHARE PROGRAM

The Geological Survey participates in geologic and
hydrologic studies of pPLowsHARE sites and experiments.
PLOWSHARE is a program for studying the use of nuclear
explosions for peaceful purposes.

Project Bronco

A core hole (USBM/AEC Colorado core hole 3) was
drilled in the Piceance Creek Basin of northwestern
Colorado in search of a suitable site for nuclear fractur-
ing of oil shale and subsequent in-situ retorting of the
shale. Hydraulic tests of the hole by the Survey showed
that a thick leached zone in the Green River Formation
(the-oil-shale formation) yielded 3,024 cu m per day of
slightly saline water. A thick zone (about 300 m) of dry
oil shale separates the permeable leached zone from a
deeper bed of water-bearing sandstone. The lower sand-
stone yielded 0.60 cu m per day of brine. The dry inter-
va] of oil shale may permit the use of a nuclear explosion
to fracture the shale without the resulting rubble chim-
ney becoming flooded with water from the leached zone.

GEOLOGY AND HYDROLOGY APPLIED TO ENGINEERING AND THE PUBLIC WELFARE

Project Gnome

Project axomE involved the detonation of a 5-kiloton
nuclear explosive in salt of the Salado Formation near
Carlsbad, N. Mex., December 10, 1961. W. A. Beetem
reports that a 5-year postshot evaluation of water wells
within a 5-mile radius of the explosion showed no nu-
clear contamination of any of the water from the offsite
wells.

Hydrologic applications

A canvass of the ground-water environment within
the United States has been completed, identifying areas
and sites where underground nuclear explosions might
offer potential advantages in managing and developing
ground-water supplies. The first part of this study was
only to canvass, by general categories, ground-water
situations within the country in which nuclear detona-
tion appears potentially advantageous. The second part
of this study will deal generally with the | vacticability
of detonation—specifically with certain present defi-
ciencies of knowledge as to the geometrv of rubble
chimneys, with principal side effects of detonation, and
with economic and legal considerations.

EARTH-ORBITING NUCLEAR GENE™ATORS

A study concerning possible ground-weter contami-
nation associated with the SNAP (Systems for Nuclear
Auxiliary Power) system is being made by the Geologi-
cal Survey in cooperation with the Atomic nergy Com-
mission and the Sandia Corp., Albuquerjyue, N. Mex.
This system is a thermoelectric generator that uses radi-
oactive material as its power source and is presently
being used to supply energy to orbiting sttellites. The
purpose of the project was to study radioactive contam-
ination of ground water that could result if such a
device should accidentally plummet to and become
buried in the earth’s surface. The project involves the
dynamic ion-exchange characteristics of trace concen-
trations of ions in saturated porous aquifers, with a
great deal of reliance placed on formal anclytical meth-
ods and computer solutions of numerical finite differen-
tial equations.

A general partial differential equation utilizing a
second-order kinetic-rate reaction to define the ion ex-
change was formulated into a finite differential equation
by means of the Taylor’s series and solved with a digital
computer. Computer programs were written for flow
and exchange of ions through laboratory columns and
homogeneous aquifers. Agreement of experimental efflu-
ent breakthrough curves in laboratory-column studies,
made outside the Geological Survey, with those pre-
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dicted by the computer program was excellent. Varia-
bles in the differential equations which were investi-
gated included fluid velocity, kinetic-rate constant,
equilibrium constant, and the dispersion coefficient. The
simulation of ion exchange under nontrace conditions is
presently in progress.

DISPOSAL OF RADIOACTIVE WASTES

Radioactive materials in suspension or solution are
discharged to the environment as a result of a wide
variety of nuclear-energy activities. Research of the
Geological Survey sponsored by the Atomic Energy
Commission has included (1) transport by streams, (2)
ground-water transport, and (3) studies related to new
waste-disposal methods and techniques.

TRANSPORT OF RADIONUCLIDES BY STREAMS

Columbia River and estuary

The Columbia River transports radionuclides orig-
inating from the Atomic Energy Commission’s nuclear
reactors at Hanford, Wash. Studies by W. L. Haushild,
H. H. Stevens, Jr., and G. R. Dempster, Jr., indicate
that the discharge of specific radionuclides into the Co-
lumbia River decreased linearly with time from January
1964 to September 1966 ; the decrease resulted from the
adjustment of the river system to the shutdown of three
reactors from January to June 1964, and in continuing
improvement in operation of the reactors. At Pasco,
Wash., about 40 miles downstream from the reactors,
the radionuclide discharge was nearly independent of
sediment or water discharge, whereas a dependent rela-
tionship was found at Vancouver, Wash., about 270
miles below the reactors. Mathematical models of radio-
nuclide discharge at these two stations were used to
simulate radionuclide discharge prior to the period of
record in order to compute continuous inventories of
radionuclides in the streambed of the Pasco-Vancouver
reach. One of the objectives is to use these inventories
to determine whether the average quantity of radio-
nuclide storage in the streambed equals the depletion
from the streambed by sediment transport and decay
of stored radionuclides (steady-state system), or
whether the radionuclide inventory in the streambed is
increasing.

In connection with studies of the factors and processes
that influence the disposition of radionuclides in the
various environments of the Columbia River estuary,
J. L. Glenn has found that oxidation-reduction poten-
tials range from +200 to —200 mv in surficial sediment
samples; high negative potentials are found in environ-
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ments characterized by slow deposition of fine-grained
organic-rich sediments that are among the most rsdio-
active in the estuary. In cores, oxidation-reduction po-
tentials commonly are positive (+100 to +200 mv) in
near-surface sediments and negative (—100 to --200
mv) at depth; pH values tend to decrease with devnth.
Changes in oxidation-reduction potentials and pH
would seem to be of sufficient magnitude to affect uptake
and (or) release of radionuclides by sediments. Redio-
nuclide analyses of ambient and interstitial waters from
three environments suggest that manganese-54 is the
only radionuclide found in the estuary that is relatively
more abundant in interstitial water than in amhient
water.

D. W. Hubbell, H. H. Stevens, Jr., and G. A. Lutz
have found that in the vicinity of Astoria, Oreg. (river-
mile 15), the concentration of radionuclides associated
with suspended particulate matter and the concentrstion
of suspended sediment may vary by as much as an order
of magnitude during a tidal cycle. Although concentra-
tions of radionuclides in solution differ in time, the
variations usnally are not excessively large. Howeve~, at
the Beaver Army Terminal (river-mile 53) neither the
concentration of radionuclides associated with par‘icu-
late matter nor the concentration of radionuclides in
solution varies appreciably during a tidal cycle.

Application of a mathematical model of discharge,
based on equations of one-dimensional unsteady flow
and hydrographs of measured discharge, has indicated
that at the Beaver Army Terminal the roughness param-
eter is not a constant. Additional measurements are
being obtained to define how the parameter varies.

TRANSPORT OF RADIONUCLIDES BY GROUND WATER

Snake River Plain aquifer

A mass-balance study was made at the National Feac-
tor Testing Station, Idaho, by J. B. Robertson to com-
pare the total amount of tritium injected into the dis-
posal well of the Idaho Chemical Processing Plant
(ICPP) to the amount presently remaining in basalt of
the Snake River Plain aquifer as indicated by cor<en-
trations in observation wells. A total discharge of 21,500
curies in 14 years was calculated, of which about 14,000
would remain after decay. Approximately the same
quantity appears to be present in the upper part of the
ground-water body, suggesting that waste is not mov-
ing downward in the aquifer.

The movement of peak levels of tritium in the observa-
tion wells was studied by J. B. Robertson to interpret
the local flow characteristics of the basalt. The s*udy
revealed the extreme anisotropic and nonhomogeneous
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nature of the aquifer system. Movement of the peak
tritium-concentration levels indicates ground-water
velocities of 25 to 11 feet per day at points 700 feet
and 2 miles, respectively, downgradient from the injec-
tion well.

UNDERGROUND DISPOSAL OF RADIOACTIVE GASES

One-million cubic feet of air containing 1,000 curies
of xenon-133 was injected through a well at a depth of
120 feet into unsaturated basalt at the National Reactor
Testing Station, Idaho. The test was conducted by the
Atomic Energy Commission and its contractors, as
well as by the Geological Survey. The injection rate
of 1,000 cfm required a pressure of about 1.5 psi. The
xenon-133 arrived at 3 wells 400 feet away within 2
hours from the start of injection, indicating radial
movement from the injection well, according to J. T.
Barraclough. The xenon was subsequently detected in
15 observation wells and at the land surface where the
capping playa deposits are thinnest. The rate of move-
ment and concentrations of the gas appeared to be con-
trolled primarily by the subsurface distribution of
permeability.

The transfer of air between the atmosphere and the
zone of aeration was investigated with the view toward
applying the results to studies of the underground dis-
posal of radioactive gases. A “breathing” well in basalt
at the National Reactor Testing Station, Idaho, was
instrumented by W. E. Teasdale to study air-flow rates,
and the temperature and relative humidity of the sub-
surface air. During periods of air exhaust, which are
associated with falling barometric pressure, the air
temperature remains steady and the relative humidity
rises. Conversely, intake cycles, which are associated
with rising barometric pressure, are characterized by
fluctuating air temperature and by lower but fluctuating
relative humidity. The occurrence of storms imposes
very rapid changes on the system.

FLOODS

Three major categories in the study of floods by the
U.S. Geological Survey are (1) measurement of stage
and discharge, (2) definition of the relation between the
magnitude of floods and their frequency of occurence,
and (3) delineation of the extent of inundation of
flood plains by specific floods or by floods having spe-
cific recurrence intervals. The following section, accord-
ingly, is subdivided into discussions of outstanding
floods of 1967-68, flood-frequency studies, and flood
mapping.

GEOLOGY AND HYDROLOGY APPLIED TO ENGINEERING AND THE PUBLIC WELFARE

OUTSTANDING FLOODS OF 196:-68

Floods of April 1967 in northern Wiscon<in caused
extensive damage

The spring breakup came very suddenly in northern
Wisconsin. Unseasonably high daytime temperatures
and warm nights occurred at the end of March and
quickly melted the heavy snow cover. Re-ord peaks
occurred on streams throughout northern Wisconsin,
and millions of dollars of damage resulted. Several
counties were declared disaster areas.

May 1967 flood peaks in central and westerr Tennessee
approach record highs

Total rainfall in the Tennessee River lasin below
Chattanooga was the greatest for May since 1893. Near
midmonth, extensive flooding on Little Bigby Creek,
Baptist Branch, Sugar Creek, and Duck River forced
hundreds of families from their homes, inundated high-
ways, destroyed bridges, and deposited tons of sand,
gravel, and debris on fertile farmland. Flood peaks at
gaging stations in central and western Tennessee were
nearly the highest ever recorded, as a result of heavy
rains during May 12-15.

June 1967 floods in midcontinent region

Unusually heavy and frequent rain caus>d floods in
Towa, Kansas, Nebraska, South Dakota, and along the
Missouri River in Missouri. Flood damage v7as reported
to be greater than $100 million.

According to a report by H. H. Schwob (r1462), an
outstanding flood occurred on June 7 in the Wapsino-
noc Creek basin in east-central Iowa following a storm,
nearly centered over the 180-sq-mi basin, that dumped
4 to 13 inches of rain in 14 hours. Peak discharges were
the greatest recorded in the past 50 years in eastern
Towa for streams that drain areas ranging in size from
40 to 180 sq mi.

In Kansas, major floods occurred on many small
western streams and most small eastern streams. Stor-
age in reservoirs prevented significant floods on large
rivers. Although most of the estimated $6 rillion dam-
age was to agricultural land, the towns cf Richland,
Rossville, and Osawatomi in northeastern I ansas were
partly inundated. As an example of the heavy rainfall,
June 1967 was reported by the Weather Bureau to be
the wettest month in Topeka since records began in 1878.

According to a report by F. B. Shaffer and K. J.
Braun (r0794), heavy rains during the first half of June
caused widespread flooding in the Platte River valley
in northeastern Hall and southwestern Merrick Coun-
ties, Nebr. Grand Island and vicinity suffered damage
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estimated at $6.3 million. About a third of the city
was inundated and many residents were forced from
their homes. Thousands of acres of cropland were
flooded; also bridges and highways were damaged
severely.

Lowland flooding occurred in the White, Bad, and
Cheyenne River basins in the south-central part of
South Dakota. New maximum discharges for the 18-
year period of record occurred in the lower reaches of
the Little White River on June 12. The peak discharge
on June 18 on Bad River near Fort Pierre exceeded by
30 perecnt the previous maximum in 39 years of record.

By the end of June, the Missouri River was above
flood stage along its entire length in Missouri. The flood
crest on June 30 at Hermann, 60 miles west of St. Louis,
was 9 feet above flood stage. The U.S. Army Corps of
Engineers estimated flood damage along the Missouri
River in Missouri at $20 million.

Flood of August 1967 at Fairbanks, Alaska

The disastrous flood of August 12-20 on the Chena
River at Fairbanks was caused by a general rainstorm
that covered the Chena River basin and adjacent water-
sheds. Storm runoft caused numerous landslides, washed
out roads and tree-covered river terraces, and covered
the flood plain at Fairbanks with water reaching 5 feet
in depth. About half of the 30,000 inhabitants in the
Fairbanks area were evacuated, and 5 deaths were re-
ported. J. M. Childers and J. P. Meckel (r0332) de-
scribed the flood and delineated the inundated area in
the vicinity of Fairbanks.

Floods of August 1967 in Delaware, Maryland, northern
Virginia, and metropolitan Washington, D.C.

R. H. Simmons reported that the storm of August
3—4 in Delaware caused the loss of 3 lives and extensive
damage to farm crops, highway fills, and bridges. The
maximum precipitation rate for the storm indicates a
recurrence interval exceeding 100 years. New maximum
peak discharges occurred at 56 percent of the streamflow
gaging stations, and peak-discharge rates ranged from
373 cfs per sq mi in the coastal plain in southern Dela-
ware to 1,200 cfs per sq mi in the piedmont area of
northern Delaware.

A week of intermittent rain climaxed by 5.5 to 6 inches
at some points late on Angust 24 caused unusually high
flows in small streams in the metropolitan area of
Washington, D.C., which includes parts of Maryland
and northern Virginia.

Hurricane Beulah creates havoc in southern Texas

Hurricane-caused rains and high winds resulted in
widespread and severe damage in late September 1967
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in southern Texas, especially in the Rio Grande valley.
Record-breaking floods occurred in the lower reaches of
the Guadalupe, San Antonio, Mission, Aransas, and
Nueces Rivers. Peak discharge of the San Antonio
River at Goliad was the highest in nearly 100 years of
record. The total storm rainfall was more than 20 inches
near the coast and nearly 8 inches near San Antonio. 140
miles inland.

Floods of December 1967 in Arizona

Two major storms near mid December caused ex-
tremely heavy snowfall in northern Arizona and at high
elevations throughout the State, and heavy rainfall in
central and southern Arizona. Rain and melted snow
caused damaging floods, whose peaks exceeded those of
December 1965 on the Gila River and its tributaries—
the Santa Cruz, Agua Fria, and San Pedro Rivers.
Peak discharge on the upper Santa Cruz River, between
Nogales at the international boundary and Tucson, was
the highest since 1914 and may have exceeded the 1914
peak at some sites.
Central New England floods of March 1968

Heavy rains falling on frozen ground during March
17-18 caused severe floods in Rhode Island and eastern
Massachusetts during the third week in March. On
March 19, the daily mean discharge of the Wading Fiver
near Norton, Mass., was the highest in 43 years of
record.

FLOOD-FREQUENCY STUDIES

Flood-frequency synthesis for small streams in Alabama

L. B. Peirce has defined the functional relatior be-
tween storm-rainfall characteristics and peak flow for
11 Alabama drainage basins, ranging in size from 5 to
15 sq mi, on the basis of 5 to 10 years of concurrent rain-
fall and streamflow records. Amount and duraticn of
rainfall, the antecedent rainfall, and a seasonal factor
were used as independent variables in a graphical multi-
ple regression to compute an array of annual peak flows
for each basin. Available long-term weather records
make possible the synthesis of flood-frequency curves
reflecting 50 to 70 years of hydrologic experience. The
relation between rainfall and peak flow has also been
found useful for determining critical storm duration
and the relation between rainfall frequency and flood
frequency in a given basin.

Magnitude and frequency of Missouri fioods

A statistical analysis of flood peaks on unregulated
streams in Missouri by E. H. Sandhaus and John
Skelton has shown that the dominant independent vari-
ables affecting flood-frequency relations for Mis=ouri
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streams are size of drainage basin and stream slope.
Two other independent variables—mean annual pre-
cipitation and basin altitude—had some effect on the
accuracy of the relations; however, the improvement
in the standard error of estimate did not justify use of
these two variables in the equations.

Flood-frequency relations for small drainage basins
in Montana

A report by F. C. Boner and R. J. Omang (r2167)
presents a method for determining the magnitude of
floods with 10- and 25-year recurrence intervals from
drainage areas of less than 100 sq mi in Montana. Curves
show the relation of the 10-year flood to basin character-
istics. In most of the mountainous areas of Montana,
the size of drainage basin and the average annual run-
off were found to be important factors in determining
the magnitude of the 10-year flood. Only the size of
drainage basin was used as an independent variable in
the remainder of the State. Ratios between the 25-year
flood and the 10-year flood are given for each of the
13 regions to obtain the magnitude of the 25-year flood.

FLOOD MAPPING

Flood-inundation maps of urban areas

To assist the Appalachian Regional Commission, a
flood-mapping project was initiated in 1967. Hypotheti-
cal floods having recurrence intervals of 5, 25, and 50
years will be delineated on maps for each of 14 selected
sites in 8 States in Appalachia; the maps will be pub-
lished as hydrologic-investigations atlases. Eleven of
the 14 atlases have been completed, and are in press.

In response to recommendations in House Document
465, the Geological Survey conducted a pilot project
in 17 States to determine the feasibility of rapidly de-
lineating flood-prone areas on maps on the basis of
readily available flood information. A total of 400 quad-
rangle sheets were mapped during the year. The results
of the pilot project will serve as a guide for decisions
concerning a proposal to delineate flood-prone areas
throughout the conterminous United States.

Flood-inundation study for urban areas

Urban and suburban development has a striking effect
on flood flows. During the current year, D. G. Anderson
and F. P. Kapinos prepared 15 flood-inundation maps
for 2 small streams in Fairfax County, Va. The large-
scale maps (1:1,200; contour interval 2 feet), which
have been released to the open file, portray flood-hazard
areas for floods having recurrence intervals of 25, 50,
and 100 years under conditions of ultimate urban de-
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velopment. The key to the study is an analysis of the
effects of urbanization on floodflows. The time for water
to discharge from a basin is drastically reduced by in-
stallation of storm sewers. This, coupled with reduced
infiltration from paved areas, can greatly increase peak
flows. The study showed that the mean-ennual flood
peak for a completely sewered urban watershed is about
4 to 6 times greater than that of a comp~vable rural
watershed, and that the 100-year flood is about 2
to 8 times greater than that for a comparable rural
watershed.

WATER QUALITY AND CONTAMINATION

The development and use of water in many areas are
restricted or complicated by the presence of undesirable
waste products and natural constituents in surface and
ground waters. To study these undesirable water con-
taminants, the Geological Survey conducts basic re-
search and areal investigations that defin~ the causes
and the extent of contamination in the natvral environ-
ment.

Pesticide survey in southern Florida

Twenty-one aquatic sites in and near Evorglades Na-
tional Park were sampled in a survey of residues of 10
common chlorinated hydrocarbon insecticides. Accord-
ing to M. C. Kolipinski and A. L. Higer, the waters were
relatively free of the insecticides, having average con-
centrations of less than 0.01 pg/1. This amount appears
low considering that more than 5 million pounds of -
DDT and other chlorinated hydrocarbon insecticides
was applied for agricultural and domesti~ use. How-
ever, additional field data relating to other environ-
mental factors such as soils, plants, and animals indi-
cate that a considerable buildup of insecticides in the
milligram-per-liter range occurs in sorth Florida
ecosystems.,

Dissolved oxygen in Pearl River, Miss.

The concentration of dissolved oxygen in the Pearl
River increases downstream for the 150-mile reach from
Georgetown, Miss., to Bogalusa, La., during periods of
low and median streamflow. According to D. E. Shat-
tles, this increase indicates recovery of the stream from
the effects of waste disposal in the Jackson area up-
stream. The lowest values of dissolved oxygen were ob-
served at Georgetown, where the concentrstion ranged
from 5.3 to 5.8 mg/]1 and the saturation from 57 to 64
percent. At 10 sites along the river reach studied, there
was little diurnal variation in the disso'ved-oxygen
level. In general, the dissolved-oxygen values were
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higher during the October 1966 low-flow period than
during the May 1967 median-flow period, because the
water was cooler in October.

Dissolved oxygen in Duwamish River estuary,
Washington

According to J. D. Stoner, the surface dissolved-
oxygen concentration in the Duwamish estuary
decreases downstream, while the concentration at the
bottom increases upstream from the mouth to about
river-mile 4.85. The lowest dissolved-oxygen concen-
tration in the estuary, however, occurs in the vicinity
of river-mile 4.85 at the bottom, where values as low as
0.8 mg/1 have been recorded. Data for the estuary since
1948 indicate that the annual minimum dissolved-
oxygen levels are declining.

Oxygenation coefficients in Passaic River basin,
New Jersey

Oxygenation coefficients were computed by T. J.
Buchanan and O. O. Williams for streams in the Pas-
saic River basin of northeastern New Jersey for 3 dif-
ferent discharges. They are based on an empirical rela-
tionship that included both hydraulic and geometric
parameters. The discharges ranged from 16 to 740 cfs
and the oxygenation coeflicients ranged from 0.006 to
9.78. The coefficients are being used to compute the effect
of waste-water discharge on the dissolved oxygen in the
river system.

Relationship of soils to siream quality in Pennsylvania

The effect of soils on the natural quality of water is
being evaluated as part of a study of eutrophication
of Pennsylvania impoundments. A. N. Ott reports that
a correlation exists between the electrical conductance
of stream water at low base flow and the exchange
capacity and exchangeable-base content of the basin
soils. Indirect effects of soil fertility are displayed in
both the vegetation and sediments derived from the
soil. The high-quality soils not only yield larger
amounts of vegetation than those of poor quality, but
the vegetation contains larger amounts of nutrients.

Trace metals in sewage effluent af Seattle, Wash.

J. F. Santos reports that treated sewage effluent from
the Municipality of Metropolitan Seattle contains sig-
nificant quantities of trace metals. Treated effluent from
the plant’s sewer outfall at Renton Junction contained
cadmium and chromium in concentrations greater than
100 pg/1. Copper, nickel, and zinc also were present in
appreciable amounts. Downstream from the sewer out-
fall, cadmium, chromium, copper, and zinc were par-
tially removed from solution during transit through
a 1.7-mile reach of the Duwamish River estuary.
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Strip-mine drainage in Cane Branch, Ky.

An 11-year study of the hydrologic environment of
the basin of Cane Branch, a small stream in the Cumb-r-
land Mountains of Kentucky, shows that strip mining of
coal has a strong influence on the quality of water. J. J.
Musser and R. J. Pickering report that the quality of
water in Cane Branch, which became a highly min-
eralized acid stream as a result of the mining, I»s
recovered to a limited degree only since mining ceased
in 1959. During a 6-year period, leaching of the sp»il
banks created by the mining produced a net dissolved-
solids load of 14,000 tons per square mile of spoil bank.
This rate of chemical weathering is 126 times greater
than the rate in unmined portions of the basin. The
effect of acid mine drainage persists for about 3 miles
downstream from the mined area.

Water quality improves in Litfle River basin, Lovisicna

The chloride content of water from brine-affected
reaches of the Little River has decreased significantly.
M. W. Gaydos, J. E. Rogers, and R. P. Smith report a
tenfold decrease in chloride content from previously
observed values, which exceeded 9,000 mg/1 under simi-
lar flow conditions. The reduction is due to Louisiana’s
pollution-abatement measures, which ban surface c'is-
posal of brine from oil-field operations.

Brine contamination in southwestern New York

A study of the water resources of the Allegheny
River basin in New York by R. R. Shields and M. H.
Frimpter shows that several tributaries are contami-
nated by oil-field brine discharged from oil-separaton
tanks. Contamination is most serious during periods of
low streamflow. The most active oil-producing area lies
within the 13.4-sq mi drainage basin of Chipmunk
Creek. At near-median streamflow (15 cfs) the spec'fic
conductance of Chipmunk Creek is 3,100 pmhos; at the
lower flow of 4 cfs, the conductance is 12,000 pmhos.

Ground-water contamination by salt washed frem
highways

Investigations of the chloride contamination of
ground water from the wintertime application of high-
way salt have been going on since 1964 in Massachusetts.
S. J. Pollock and W. W. Caswell indicate that during
1967, chloride in quantities detrimental to domes‘ic
water users was detected in shallow aquifers for the first
time since the beginning of the study. Higher concen-
trations of chloride were noted in places where the
water table is more than 15 feet below the land surface.
This higher accumulation probably resulted from above-
normal precipitation in 1967 that passed through a
greater vertical distance in the ground before reaching
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the water table, and dissolved more of the salt that
had accumulated above the water table during preced-
ing drought years.

Underground disposal of liquid industrial wastes

D. A. Goolsby is evaluating the chemical and hydro-
logic effects of underground waste disposal through
deep wells near Pensacola, Fla. An average of 2 mgd
of industrial waste has been injected since mid-1963.
Major constituents in the wastes are nitric acid, am-
monium salts, boric acid, and a variety of organic acid,
nitriles, and ketones. The pH of injected material is
adjusted to about 5.5 with aqueous ammonia.

The limestone aquifer into which the waste is in-
jected extends 1,370 to 1,730 feet below sea level and is
overlain by a clay aquiclude 220 feet thick. Present
well-head injection pressures are about 220 psig, and
the pressure influence probably extends outward 15 to
20 miles. No pressure increase or contaminant from the
waste has been detected above the clay aquiclude. A
monitor well penetrating the aquifer is located about
1,300 feet from the injection wells. Chemical effects of
the waste were detected in this well about 8 months after
injection began. Evolution of methane and nitrogen
when water is withdrawn from the well, and the pres-
sure reduced to atmospheric pressure, indicates decom-
position of organic compounds and nitrate reduction.

DISTRIBUTION OF MINOR ELEMENTS AS
RELATED TO HEALTH

The U.S. Geological Survey is investigating the rela-
tionship of minor-element distribution of various dis-
eases or pathological conditions indigenous to particular
areas. Some subjects of current interest include the dis-
tribution of strontium in comparison with incidence of
dental caries, contamination of soils and vegetables by
lead from automobile exhaust, and the effect of chro-
mium deficiency on health.

Chromium content of United States soils

Because of the interest among nutritionists in the ef-
fects of a chromium deficiency on health, M. E. Stro-
bell has examined the validity of the widely quoted aver-
age value reported in Russian literature of 200 ppm Cr
in worldwide soils. A statistical study was made of
chromium values of samples from 691 locations in the
conterminous United States collected along east-west
and north-south highways at 50-mile intervals by Geo-
logical Survey personnel and analyzed spectrographi-
cally in Survey laboratories.
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Chromium values for these samples were tabulated,
and a cumulative percent-frequency curve for the values
was compiled. From this curve the following percentile
values for chromium were obtained : P;,=17 ppm, P,,=
27 ppm, Py (median)=45 ppm, Pg=73 ppm, and
Py,=95 ppm. It is apparent that chromium concentra-
tions as high as 200 ppm are exceedingly rare in United
States soils, and this study of one element suggests that
commonly accepted average contents of all metals in
soils should be similarly reviewed.

Metal content of plants and soils

Contamination of soils and vegetables from naturally
occurring metal concentrations and also as a result of
air pollution is being appraised in several areas. Soils
and vegetables were collected by H. L. Cannon from
the Manning peat bog, Orleans County, 17.Y., to de-
termine the distribution of all metals in the peat and
vegetables and to assess the possibility of excesses of
lead and cadmium in an area previously determined
to contain abnormal concentrations of zinc. A reap-
praisal of lead levels in soils and vegetables in south-
eastern Washington County, Md., as relatec to distance
from roads, shows a noticeable increase of 1~ad in vege-
tables grown within 25 feet of a road, but there is no
consistent increase of lead in the soils. This suggests
that lead in organic compounds from car exhaust is
more available for uptake by plants than is lead that
occurs in minerals in the substrate.

LAND SUBSIDENCE

Studies of land subsidence caused by artesian-head
decline are contributing to knowledge of the physical
and hydrologic properties of leaky compres-ible aquifer
systems, primarily through observing the response of
these systems to change in applied stress. Tt volume of
subsidence is a measure of the quantity of ground water
yielded from storage by compaction of the fine-grained
beds in the aquifer system.

Subsidence due to ground-water and oil ard gas with-
drawal

A report by B. E. Lofgren and R. L. Klausing
(r1324) on land subsidence in the southeastern San
Joaquin Valley indicates that during the period 1950-
62, 1.4 million acre-ft of subsidence occurred in the
Tulare-Wasco area as a result of pumping about 13.5
million acre-ft of ground water. The volume of subsi-
dence, therefore, represents about 10 pevcent of the
total ground-water pumpage. The report also shows
that land subsidence can be effectively stopped by rais-
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ing ground-water levels sufficiently to eliminate all
excess pore pressures in the aquitards; this has been
demonstrated during years of plentiful surface-water
supply in the service area of the Bureau of Reclama-
tion’s Friant-Kern Canal in Tulare and Kern Counties.

The volume of subsidence caused by water-level de-
cline is a direct measure of pore-volume reduction and
of the water yielded by compaction of sediments. J. F.
Poland finds that by 1966, the volume of ground water
that had been yielded by compaction of sediments in
the 3 major areas of land subsidence in the San Joaquin
Valley was about 11 million acre-ft; this volume is ap-
proximately equal to the gross pumpage of ground
water from the entire San Joaquin Valley for the year
1964.

From analysis of repeated leveling of the U.S. Coast
and Greodetic Survey, B. E. Lofgren finds that measur-
able subsidence has occurred in the southern San
Joaquin Valley owing to the extraction of oil and gas.
As much as 1.6 feet of subsidence occurred in one of the
major oil fields southwest of Bakersfield between 1935
and 1965. Only a few bench marks in the producing
fields have adequate control for computing subsidence;
also, in many of the fields, most of the o1l was produced
prior to establishment of the leveling control. There-
fore, the full magnitude of oil-field subsidence is not
known.

The direct cause of subsidence in areas of excessive
ground-water pumpage is the change in effective stress
in the deposits due to change in ground-water levels.
As demonstrated by B. E. Lofgren (p. B219-B225),
water-level changes may change effective stresses in
two ways: (1) fluctuations in the water table change
the effective stress due to a change in the buoyant sup-
port of grains in the zone of the change, and (2) a
change in the position of the water table or the piezo-
metric surface (artesian head), or both, that induces hy-
draulic gradients across confining beds produces seep-
age stresses which are algebraically additive to
gravitational stresses. Thus, to compute changes in
stress that cause subsidence, changes of the water table
and of the head in underlying confined aquifers must
be known.

Prehistoric near-surface subsidence study completed

W. B. Bull completed a study of near-surface sub-
sidence cracks filled with eluviated clay along 100 miles
of canal and stream-channel banks in western Fresno
County, Calif. Many of the cracks in areas of wide-
spread historic near-surface subsidence are the result
of compaction due to wetting associated with agricul-
tural development, but some cracks are prehistoric.
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Nearly all the cracks outside the areas of widespread
historic near-surface subsidence were the result of pre-
historic compaction due to wetting caused by stream-
flows. Earlier studies dealt mainly with surface
settlement. The study of cracks adds substantially to
the fundamental background regarding near-surface
subsidence in this area.

Elastic component of agquifer-system compaction and
expansion, studied

Intrepretation of records from compaction recorders
by W. B. Bull in the west-central San Joaquin Velley
indicates that elastic compaction makes up only a small
part of the long-term compaction which occurs in the
areas of intense land subsidence between Los Banos
and Kettleman City. At one site, the elastic compaction
is only 5 percent of the inelastic compaction that has
caused 8 feet of land subsidence.

Net expansion of the aquifer system recorded at 3
sites during times of head recovery indicates that under
existing conditions only 1 to 10 feet of head recovery
is needed to cause a change from recorded compaction
to recorded expansion. The net specific-unit expansion
(the measured increase in thickness of the aquifer sys-
tem per foot of thickness of the deposits per unit de-
crease in applied stress as indicated by water-level rise)
ranges from 1.4X10° for a site where the deposits
consist of fine-grained clayey sediments, to 7X10-°
for a site where the deposits consist largely of coarse-
grained micaceous sand.

Subsidence in Antelope Valley, Calif.

Bench marks in the Lancaster area of Antelope Val-
ley, Los Angeles County, were releveled by Los Angeles
County in 1967, In comparing present elevations with
1955 and 1961 leveling by the U.S. Coast and Geodetic
Survey, R. E. Lewis and R. E. Miller report 2 feet of
subsidence in Lancaster (1955-67), and an estimated
subsidence of 2.2 feet 6 to 10 miles east. Water levels
in the areas of most rapid subsidence have declined 4 to 9
feet per year in the 12-year period. The average rate of
subsidence of bench mark 2335 in Lancaster has in-
creased from 0.03 foot per year (1926-55) to 0.17 foot
per year (1955-67).

Subsidence in Eloy area, Arizona, exceeds 7 feet

Early in 1967, the U.S. Coast and Geodetic Survey re-
leveled a first-order loop in south-central Arizona from
Gila Bend east through Casa Grande and Eloy, north
via Florence past Phoenix, and then west and s»uth
through Hassayampa to Gila Bend. Comparison with
leveling of 1948-49 in the Eloy area by J. F. Poland and
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R. L. Ireland reveals that subsidence in the 18-year
period increased from 0.4 at Casa Grande to 7.35 feet
near Eloy and was 4 feet at Picacho. North of Picacho
along the Southern Pacific Railroad, subsidence in-
creased to a maximum of 7.5 feet 4 miles north and was

about 4 feet at La Palma. Other releveling in 1952, 1960,
and 1964 indicates that most of the subsidence occurred
between 1952 and 1964, suggesting that decline of the
water level in wells probably was most rapid in that
period.
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LUNAR STUDIES

Before mapping was begun on Lunar Orbiter photo-
graphs, lunar investigations had been based on geologic
mapping of the Moon from telescopic data at a scale of
1:1,000,000. Figure 5 summarizes the status of the

mapping.
SURVEYOR INVESTIGATIONS

Surveyor soft-landing missions ITI, V, and VI alter-
nated with Lunar Orbiter missions during 1967, con-
tinuing the closeup studies of the lunar surface begun
the previous year by Surveyor I. A major achievement
was the elemental analysis by alpha-backscattering in-

N
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struments on Surveyors V and VI that showed mare
material to be of probable basaltic composition.

Study of the results of the Surveyor missions by the
Geological Survey, led by E. M. Shoemaker, E. C. Mor-
ris, and H. E. Holt, have concentrated-on interpreta-
tion of television pictures returned by the spacecraft.
Preliminary analysis shows that the mare surface in
each of the photographed areas is covered by a low-
cohesion layer of fragmental debris probably derived
by prolonged bombardment of the surface by solid par-
ticles. The debris layer, or regolith, varies in thiclness
at each of the landing sites; the thickness apparently is
a function of the age of the surface. The youngest sur-
face is at the Surveyor I site in Oceanus Procellarum,
where the debris layer is 1 to 2 m thick. The oldest. sur-
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face is at the Surveyor VI site in Sinus Medii, where
the layer is 10 to 20 m thick. The median grain size of
the fragmental material is also dependent upon the
age of the surface. There are more fragments per unit
area larger than 2 to 3 cm and fewer fragments finer
than 2 to 3 cm at the Surveyor I site than at the older
Surveyor VI site. The size-frequency distribution of
small craters, from a few centimeters to 100 m in diam-
eter, is similar at each of the landing sites and follows
generally an extrapolation of the average distribution of
craters on the lunar plains determined from Ranger
VII, VIII, and IX pictures.

The fine-scale photometric properties of the four
widely separated lunar mare areas also are similar.
The albedo (normal reflectance) of the fine-grained un-
disturbed surface ranges from 7.3 to 8.5 percent, while
the rock fragments are noticeably lighter and have an
estimated albedo of 14 to 19 percent. The photometric
function of the fine-grained material is similar to the
lunar photometric function measured telescopically,
while the rock fragments have a more Lambertian func-
tion. The fine-grained material at depths of only a milli-
meter or two that was exposed by the spacecraft foot-
pads and by fragments rolling across the surface has an
albedo 10 to 25 percent lower than that of the undis-
turbed surface. This rather sharp contact between mate-
rials of contrasting optical properties at widely sepa-
rated localities on the lunar maria suggests that some
process lightens the material at the surface and that
some complementary process of darkening occurs at
depths of a few millimeters and more in such a way that
the abrupt albedo contact is not destroyed by repeated
turnover of the lunar surface by solid-particle bombard-
ment. Color filters revealed no significant color dif-
ferences in the various surficial materials, which all
appeared gray.

Slope data and topographic profiles are being ex-
tracted by photoclinometric methods, which under con-
trolled conditions can produce results within +2° of
the actual measured slope. Under the normal condi-
tions of lunar photography, photoclinometrically
derived slope data were usually a few degrees in error
and the topographic profiles rapidly accumulated
significant errors.

LUNAR ORBITER INVESTIGATIONS

The Unmanned Lunar Orbiter project of the National
Aeronautics and Space Administration (NASA), suc-
cessfully completed in 1967, has produced a rich
photographic-data bank that supersedes Earth-based
telescopic photographs and visual observations as the
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principal source of lunar geologic information. Orbiter
photographs are being applied to both detailed and re-
gional mapping projects. High-resolution pl otographs
(1-20 m) returned by Orbiter missions I, IT, ITI, and
V are being used for mapping in support of the Apollo
program of potential manned-landing sites in maria
of the equatorial belt and in other, scientifi~ally more
interesting, areas. Photography returned ly mission
IV of the entire earthward side at resolutions of 60 to
100 m is being used to continue the series of lunar geo-
logic maps at a scale of 1:1,000,000 begun by telescopic
means and to construct a map of a large part of the
earthward side at 1: 5,000,000. Mapping of the far side
will be undertaken from the nearly complete coverage
assembled by the five missions.

Early Apollo site mapping

In the spring of 1967, NASA selected 8 sites within
the equatorial belt of the Moon photographed by the
first 3 Lunar Orbiters as potential early Apo'lo landing
spots. The Survey has prepared geologic maps in pre-
liminary form of each of the 8 sites at a scale of
1:100,000 (approximately 2,500 sq km each) and of the
most attractive landing spots within each site at a scale
of 1:25,000 (approximately 100 sq km each).

The eight areas are covered with craters apparently in
various stages of destruction. Crater materials have
been mapped according to their relative age, as esti-
mated from the morphology of the craters and fine
details of the floors and exterior rims. Virtually all the
craters apparently belong to the Copernican System of
the lunar geologic-time scale; the Copernican System
has been divided into eight subdivisions for the pur-
poses of large-scale mapping. Seven of the eight land-
ing sites lie within mare material; one lies within
material with properties that appear to be transitional
between mare and terra. The mare material in three
sites in western Oceanus Procellarum, mapp~d by S. R.
Titley, T. W. Offield, Jerry Harbour, D~vid Cum-
mings, P. J. Cannon, and M. N. West, is believed to be
younger than that in sites in the central end eastern
parts of the equatorial belt, mapped by H. A. Pohn, T.
A. Mutch, R. S. Saunders, H. G. Wilshire, L. C. Rowan,
N. J. Trask, and M. J. Grolier. The western sites have
(1) fewer large old craters, (2) more consvicuous re-
solvable blocks around small young craters. and (3)
fresher appearing structural features such as ridges and
small domes than do the central and eastern sites. The
area with properties transitional between mare and
terra, mapped by M. H. Carr and D. E. Wilhelms, has
fewer small craters than the other sites but a comparable
number of large subdued craters, suggesting the pres-
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ence of deposits of relatively young material covering
an older cratered terrain.

Lunar Orbiter V scientific sites

Although the first three Lunar Orbiter missions in-
cluded targets of strictly scientific interest along with
the early Apollo landing sites, Mission V is the only
mission devoted mainly to high-resolution (214-20 m)
photography of scientifically interesting sites and is
the mission upon which planning of most manned ex-
ploration after the first few landings will be based.
Among the many superb photographs obtained in Au-
gust 1967 by Mission V, the most nearly operationally
flawless of all the missions, particularly noteworthy
were those of the young craters Aristarchus, Tycho,
and Copernicus with their incredible detail of “ponds”,
flows, blocks, and fractures; the smaller fresh craters
Censorinus, Petavins B, Dawes, Stevinus A, Copernicus
H, Dionysius, and Messier; small fresh volcanic fea-
tures such as the Hyginus Rille craters, Rima Bode 11
crater, Cruithuisen-region domes and craters, Tobias
Mayer dome, and the Marius Hills; young dark vol-
canic deposits such as those near Littrow, Sulpicius
Gallus, Copernicus CD, Rima Bode IT, and the Aristar-
chus Plateau ; sinuous rilles such as Hadley, Rima Plato
II, Schroter’s Valley, and those of the Harbinger
Mountains; distinet flows in Mare Imbrium; and old
terrains such as Eratosthenes, Gassendi, and the Altai
Scarp, which will help calibrate young terrains. Sev-
eral sites (Marius, Hadley, Tycho) have been mapped
and more will be studied intensively as potential late-
Apollo landing sites. An exploration program is now
being planned to insure the most efficient study of this
rich set of sites.

Lunar Orbitgr IV regional studies

The fourth Lunar Orbiter mission, which was flown
in May 1967, may prove to be the most valuable to lunar
geologic studies because of its wide areal coverage. An
example of the value of Mission I'V photography is illus-
trated by the study of the basin of Mare Orientale.
Orbiter IV photographs have confirmed interpretations
made by Earth-based meansthat the multiring Orientale
basin, located on the Moon’s west limb and only partly
seen from Earth, is the youngest of the large lunar
basins. The superb Orbiter IV photographs also show
much fresh and largely unexpected detail of structures
and geologic units in and near the basin that are con-
sistent with an impact origin for the basin. Orientale is
only partly filled with mare material and is completely
surrounded by four fresh inward-facing scarps or rings,
the best developed of which is coincident with the
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Montes Cordillera, which is 930 km in diameter and up
to 3,000 m high. Coarse to fine radially braided material
surrounding the cordillera scarp and extending outv-ard
300 to 500 km is the most extensive among the five re-
gional stratigraphic units that can be recognized in and
around the basin. The well-preserved texture of this
blanket clearly suggests surface flowage radially out-
ward from the basin. Other convincing evidence of this
flowage includes numerous “deceleration dunes” at the
base of topographic obstacles, especially distal crater
walls, some 200 to 300 km from the cordillera scarp.
Harold Masursky and J. F. McCauley have pointec out
that deposits with these braids and dunes probably re-
sult from a “base-surge” mechanism of the type known
to occur in terrestrial nuclear and high-explosive ex-
periments. The large field of secondary craters around
the basin is additional strong evidence for an impact
origin. The concentric scarps apparently result from
early compressive failure of large crustal segments
during initial shock-wave propagation and later gravi-
tational collapse. Through comparison with featurrs of
the young Orientale basin, the less well preserved older
basins of presumed impact origin such as Imbrium,
Humorum, and Crisium can be better understood, and
the structures and deposits formed simultaneously with
the basin can be distinguished from erosionally pro-
duced land features and deposits formed after the b~sin.

A byproduct of Orbiter IV photographs of the 1Tare
Orientale basin is a means for distinguishing lerge-
diameter (more than 20 km) craters of impact and vol-
canic origin. Whereas the impact origin of many Jarge
lunar craters and the voleanic origin of many small ones
have been established beyond reasonable doubt for some
time, large volcanic craters have not been so surely iden-
tified, although their presence has been strongly sus-
pected. J. F. McCauley and R. E. Eggleton have
described two round craters with different rim
morphology which cannot be due to a difference of age
or erosional history, because both craters appear fresh
and are superposed on fresh features of the young
Orientale basin. One crater, about 55 km in diameter,
has a morphology previously explained in other craters
such as Copernicus as impact produced : this comprises
a rough inner rim facies with arcuate convex-outward
terraces, an outer rim facies of low radial ridges and
grooves, and a well-developed surrounding field of
secondary craters. The other crater, about 35 km in
diameter, has features that are unlikely in a fresh im-
pact crater but are expectable in a caldera or other
volcanic crater: these consist of rim material that is
smooth or undulating and without conspicuous con-
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centric or radial features all the way from the rim
crest to contact with the Orientale basin material, and
a complete absence of secondary craters. These mor-
phologic characteristics will help to identify the larger
impact and volcanic craters in other lunar regions.

TERRESTRIAL ANALOGS OF
LUNAR FEATURES

Investigations of volcanic landforms and impact and
explosive eruption craters on Earth are carried out
with an eye to explaining features observed on the
Moon. Some examples of how terrestrial observations
of overall morphology can be applied to Lunar Orbiter
photographs are given in the following paragraphs.

San Francisco volcanic field, Arizona

Analogs of many of the volcanic forms observed by
J. F. McCauley in the San Francisco field north of
Flagstaff can be recognized in Orbiter photographs
of the Marius Hills region of the Moon. These include
simple cinder mounds, linear vents, and coalesced chain
craters. The distribution of most cones and domes in
the San Francisco field is controlled by regional struc-
tural patterns.

Lunar Crater, Nev.

In a detailed structural study of the Lunar Crater
area, Nye County, Nev., D. H. Scott and N. J. Trask
have found that a series of basaltic vents are alined
along lineaments which project toward well-exposed
normal faults in the surrounding Tertiary ignimbrites.
Many of the normal faults appear to converge along
strike toward a common center located southwest of
Lunar Crater. Ultramafic inclusions of periodotite,
pyroxenite, dunite, and gabbro are present in the flows
and ejecta around 2 cinder cones 5 and 10 km north of
Lunar Crater. Explosive eruptions were evidently re-
sponsible for the formation of Lunar Crater, which has
a raised rim of ejecta including blocks of country rock
up to 2 m in diameter. This explosiveness may have
continued, though somewhat abated, through the time
of formation of the younger cider cones north of Lunar
Crater and may be responsible for the presence of in-
clusions of deep-seated material. Deep-seated material
may also be associated with some volcanic features on
the Moon, such as maar-type craters.

Mule Ear diatreme, southeastern Utah

Detailed mapping of the Mule Ear diatreme, San
Juan County, an example of the root of a maar, was

begun by E. M. Shoemaker and H. J. Moore and has
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been continued by D. E. Stuart-Alexander. Intrusive
materials are of two main types: (1) a matrix of igne-
ous minerals with varying proportions of xenoliths, and
(2) disaggregated sedimentary rocks that were admixed
with minor amounts of igneous xenocrysts, and rece-
mented. Zones within the diatreme apparentl” were loci
for repeated explosive activity, whereas thin layers and
dikes, both inside and outside the diatreme. were em-
placed as single injections. Magnesite is atundant in
the matrix of igneous materials, which is consistent with
an ultramafic composition and indicates that CO, was
an important explosive agent.

White Sands, N. Mex.

Other terrestrial investigations are of imp~ct craters
and their analogs. H. J. Moore, in continuing studies
at White Sands Missile Range, has found that craters
produced in natural materials by high-velocity missile
impacts, and therefore analogous to lunar impact cra-
ters, are about the same size as craters produced by
chemical explosives detonated at shallow depth when
the kinetic energies of the missiles are the same as the
energy release of the explosives. Similar types of defor-
mation of materials in and around the terget were
found at missile-impact and explosive-cr~ter sites.
Zones of mixing, plastic deformation, and elastic-
plastic deformation are found for both types of craters.
Accordingly, certain data acquired from explosive
craters can now be applied more confidently to lunar
craters.

Flynn Creek, Tenn.

Surface geologic mapping combined with recent core
drilling under the direction of D. J. Roddy indicates
that the Flynn Creek crater contains a very shallow,
bowl-shaped lens of breccia underlain by faulted and
folded limestone. Six 2l4-inch diameter cores were
drilled along an east-west line within the crater and
came from depths between 276 and 596 feet. The drilling
information at Flynn Creek confirms that this shallow
breccia lens is not part of a breccia pipe. T™e shallow
lower boundary of the chaotic breccia and the decrease
in deformation of the rocks below the brec-ia lens in-
dicate an origin involving surface deformation ; that is,
an impact. The very thin breccia lens, the absence of
mineralization and of volcanic or meteoritic materials,
the types of rim deformation, and the central uplift are
consistent with the hypothesis of impact by a low-den-
sity body. The absence of lake deposits and of a fallback
zone and the presence of bedded dolomitic breccia with
marine conodonts in the crater suggest that the initially
shallow waters of the Chattanooga sea w-2re present
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when the crater was formed and imply an early Late
Devonian age. The asymmetry of the surface deforma-
tion suggests that the trajectory of the impacting body
was from the southeast to the northwest.

Chemical-explosion craters in Canada

A geologic study of the chemical-explosion crater Dis-
tant Plain No. 6 was completed by D. J. Roddy as part
of the structural analog comparisons with impact cra-
ters, in particular the Flynn Creek crater. In July 1967,
the Defense Research Establishment, Alberta, Canada,
detonated 100 tons of TNT in the shape of a sphere ly-
ing tangent to the ground surface. A crater about 30 m
in diameter and 5.5 m deep was formed in unconsoli-
dated flat-lying alluvium and lacustrine sediments. A
well-defined central mound about 2 m high occupied all
of the crater floor and contained beds structurally
uplifted 3 to 5 m. Excavations of the central uplift
show that the internal structure is nearly identical to
the tightly folded dome formed in the central mound
of a 100-m-diameter crater produced by a 500-ton TNT
surface hemisphere experiment. Most of the ejecta and
fallback consist of sheared blocks produced by com-
pression of the upper meter of soil. Geologic studies
of rim uplift, faults, and folds concentric to the crater
indicate that they are comparable in position and type
to deformation in the rims of the Flynn Creek crater.

Analogs of lunar craters with central peaks

Sierra Madera, Texz.—One analog is the Sierra Ma-
dera structure, which consists of deformed Permian and
Cretaceous rocks at the southern edge of the Delaware
basin in west Texas. It is a circular zone 714 miles
across. Mapping has been completed by H. G. Wilshire,
T. W. Offield, David Cuummings, and K. A. Howard.
Inward from a belt of concentrically faulted and folded
rock marking the outer limit of the structure is a ring-
shaped depression that in turn encloses a marked cen-
tral uplift. High structural relief and intense folding,
faulting, and brecciation are evident at the surface, but
drill holes show that these structures die out at a depth
of 6,000 to 8,000 feet. Shatter cones in the Permian rocks
point inward and upward toward a central focus if the
beds are restored to horizontal, indicating that they re-
sulted from a central source of energy before the cen-
tral uplift formed. Individual minerals, especially in
breccias of mixed lithologies in the central uplift, show
extensive damage of a type known primarily in natu-
rally and artificially shocked materials. The location of
Sierra Madera in a broad area of otherwise mildly de-
formed rocks, its lack of relationship to regional struc-
ture, its detailed and overall geometry, and many signs
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of shock deformation suggest that it is the eroded root
of an impact crater that was between 3 and 8 miles in
diameter.

Gosses Bluff, Australia.—The second structure stud-
ied, Gosses Bluff, 130 miles west of Alice Springs, Aus-
tralia, has been partly mapped by D. J. Milton and
P. R. Brett as part of a joint project of the Buresu of
Mineral Resources of Australia and the U.S. Geological
Survey. Gosses Bluff is situated at the center of a zone
about 15 miles in diameter in which otherwise flat-17ing
Paleozoic strata have been intensely disturbed. Gasses
Bluff itself is an annular range 3 miles across and 800
feet high composed mainly of sandstone, enclosing a
central hollow underlain by shale, limestone, and weaker
sandstone. The bluff and the central low consist of ir~bri-
cated, steeply dipping, outward-facing bedrock plates
uplifted as much as 10,000 feet from their original po-
sition. Structural details indicate tangential relative
displacement between plates resulting from movement
inward as well as upward, so that the mean perireter
along which any bed crops out is shorter than the
perimeter originally occupied. At the level of the pres-
ent outcrop some weaker beds were fragmented during
emplacement to form monomict breccias lying bet-veen
plates of the stronger rocks. Some plates of we'l-ce-
mented sandstone transiently stood as walls and then
toppled outward, or were perhaps propelled by their
original momentum, to lie as overturned blocks on
breccia of the weaker rocks. Folding and faulting ~ith-
in individual bedrock plates is relatively minor. Shatter
fracturing is, however, nearly ubiquitous. In some s‘rata
it is expressed as the familiar cones, in others as inter-
secting sets of striated planar fractures. The structure,
the shatter fracturing, and petrographic evidence of
shock have convinced Milton and Brett that Gosses
Bluff is the central uplift of an impact structure. Tts ab-
sence of mixed breccia beneath the toppled walls sug-
gests that uplift occurred before the fallback settl~d.

MANNED LUNAR-EXPLORATION METHODS

The Geological Survey’s program related to manned
exploration on the lunar surface includes geologic train-
ing of astronauts, development of methods and pro-
cedures for conducting lunar geologic field investiga-
tions, developing and testing analytical equipment and
instruments for use on the lunar surface, developing
methods for gathering and analyzing data transmitted
from the lunar surface to the Earth, and develcning
‘plans for geologic exploration. In addition, geoloyical
and geophysical studies are carried out on terrestrial
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analogs of lunar features, and on field sites to be used
for developing and testing procedures and instruments
and for training personnel for lunar missions. A geo-
physical observatory, equipped with a 3-component
standard seismometer and a continuously recording
magnetometer, is operated to support development of
lunar geophysical investigations and telemetry and
analytical systems.

Astronaut training

Astronauts of the fourth and fifth groups have com-
pleted courses of basic training in geology. The Geo-
logical Survey conducted 10 lectures at the Manned
Spacecraft Center, Houston, Tex., on the following
topics: A geologic approach to meteorites, D. P. Elston;
remanent magnetism in extraterrestrial materials, R. L.
DuBois; degassing and cold-traps on the lunar surface,
Kenneth Watson; cratering as a geologic process, E. M.
Shoemaker ; geology of large impact structures, M. R.
Dence; petrography of shock-metamorphosed rocks,
E. C. T. Chao; tektites, E. C. T. Chao; lunar regional
geology, Harold Masursky; lunar geologic processes,
Harold Masursky ; and geophysics, M. F. Kane. Field
trips were conducted to Hawaii, Zuni Salt Lake-Hopi
Buttes-Meteor Crater, Ariz., and Iceland. A 16-mm
color-sound training film, illustrating the geology of
the Katmai area and the eruptive history of the ash flow
in the Valley of Ten Thousand Smokes, Alaska, was
prepared by the Film Documentation Unit and is avail-
able for public showing.

Field studies

Gravity and magnetic surveys by R. D. Regan over
Zuni Salt Lake, in west-central New Mexico, show both
a positive gravity anomaly and a large magnetic high of
about 7,000 gammas centered near a cinder cone in the
southern part of the crater. A seismic survey by J. R.
Murphy in the vicinity of the large anomaly indicated an
irregular surface of very high velocity at a depth of
about 250 feet. This surface was later confirmed when a
drill hole entered a very dense magnetic layer at 254
feet. The magnetic data, in addition to showing the large
anomaly, suggest that the crater is bordered by an
inward-dipping ring dike and not a flow as previously
suggested.

Gravity and magnetic surveys, under the direction of
R. D. Regan, in an alluvium-filled valley in the Castle
Butte area of Hopi Buttes, northeastern Arizona,show a
strong southwest-northeast regional gradient. The ver-
tical-magnetic-intensity map shows several separate
anomalies in all parts of the area ; these are probably due
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to volcanic vents buried beneath the alluvium. The grav-
ity map shows several perturbations superimposed on
the strong regional gradient. Quantitative analysis of
these perturbations is underway.

Seismic studies by R. H. Godson and H. D. Acker-
mann, and gravity and magnetic surveys by R. D. Regan,
were conducted at Meteor Crater, central Arizona. The
residual-gravity map shows a circular low of 0.8 mgal
centered on the crater, and an elongated low of 0.45 mgal
on the western rim. Calculations based on the average
outward gradient indicate that the disturbing mass is
less than 1,500 feet below the bottom of the crater. No
pronounced anomaly is evident from the magnetic data.
There is, however, a widening of the contours over the
western half of the crater and a negative departure of
20 gammas from the vertical-intensity regional gradient
in the center of the crater. Seismic results are still pre-
liminary, but the data show that the southern part of
the rim is more disturbed than other parts and that the
strata are sufficiently disturbed to alter the se’smic veloc-
ity out to distances of 1 mile from the rim.

Field methods

A Holocene cinder flat near Flagstaff, Ariz., was
cratered with explosives to replicate at a scele of 1:1 a
portion of a mare surface shown in an Orkiter photo-
graph. The stratigraphy exposed in shotholes and in a
trench was logged before cratering, as the basis for eval-
uating later tests. A test exercise was conducted at the
crater field to determine the problems and feasibility
of locating the landing position from within the landed
lunar module. Suited field exercises, simulating early
Apollo missions, were conducted to develop and test
procedures for traverse planning and staticn activities
on such early lunar missions.

Other tests and exercises were held at the crater field
and at test sites in the Hopi Buttes to test procedures,
tools, and equipment for conducting geologi~ investiga-
tions on the lunar surface. Special attention ~as devoted
to the problems of systematic description by radio, stor-
age and retrieval of data, and the use of TV pictures to
supplement observation and description by the
astronaut.

Field instruments

A miniaturized «Ka spectrometer furniched by the
Goddard Spaceflight Center and a miniaturized X-ray
diffractometer furnished by the Jet Propulsion Labora-
tory were tested for both field and laboratory use in
geologic investigations. Both instruments show promise
for lunar as well as terrestrial use.
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Field tests of a preliminary model of a miniaturized,
staff-mounted magnetometer developed by R. L. DuBois
showed promise that it will be capable of routinely meas-
uring total-field, remanent, and induced magnetism.

A continuously recording vehicle-mounted field mag-
netometer has been field tested and found to be opera-
tionally feasible. Field tests also suggest that impact
methods of producing seismic energy for shallow lunar
surveys are feasible.

Development of an instrumented surveying staff and
automatic tracking system that incorporate the scien-
tific requirements for lunar geologic work is well under-
way. The system includes a TV camera, a stereometric
film camera, and an orientation subsystem mounted in
a hand-carried staff, plus a TV surveillance camera and
a laser ranger-tracker subsystem mounted on the lunar
module or lunar vehicle. The system will free an astro-
naut from having to determine his position or to note the
orientation of staff-mounted film and TV cameras, and
should permit immediate map compilation on Earth of
geologic information as the astronaut reports it and
takes TV pictures of geologic features.

Data processing

A computer-based data-storage and compilation sys-
tem has been outlined by D. H. Dahlem, to store oral
geologic descriptions and navigational, geophysical, and
analytical data transmitted via telemetry, and to make
such data available for instant recall and display in the
Astrogeologic Data Facility on either a computer
printer or a plotter. The computer programs to control
this system are under development.

COSMIC GEOCHEMISTRY AND PETROLOGY

Cliftonite in meteorites—A proposed origin

Cliftonite, a polycrystalline aggregate of graphite
with cubic morphology, is known to occur in 10 meteor-
ites. Some workers have considered it to be a pseudo-
morph after diamond, and have used the proposed
diamond ancestry as evidence of a meteoritic parent
body of at least lunar dimensions. P. R. Brett and G. T.
Higgins synthesized cliftonite in Fe-Ni-C alloys in a
vacuum, as a product of decomposition of cohenite
[(Fe,Ni);C]. They therefore suggest that a high-
pressure origin is unnecessary for meteorites which con-
tain cliftonite, and that these meteorites were formed
at low pressures. This conclusion is in agreement with
other recent evidence.
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Drill cuttings from Metfeor Crater, Ariz.

P. R. Brett (p. D179-D180) has examined drill cut-
tings from depths of 550 to 650 feet below the floor of
Meteor Crater and has found Ni-Fe and Fe fragments,
magnetite + fayalite + glass and wiistite + fayalite
eutectic-like intergrowths, and Ni-Fe spherules sur-
rounded by glass. Electron-microprobe analyses indi-
cate that most of the metal was derived from drill steel,
but the remainder came from the impacting meteorite.
Evidence indicates that impact metamorphism was in-
tense at depths of as much as 650 feet below the crater
floor.

Melting relations of Fe-S mixtures at 30 kb

Melting relations of Fe-FeS mixtures from Fe,S, to
Fee:Sz; have been determined by P. R. Brett and P. M.
Bell (Geophysical Laboratory, Carnegie Institution of
Washington) at a pressure of 30 kb. The phase relations
at this pressure exhibit behavior much closer to ide~lity
than at 1 atm. The eutectic has a composition of
Fe:;55:5 and a temperature of 980°C. Solubility of S
in Fe at elevated temperatures at 30 kb is of the same
order as at 1 atm. Interpolation of the 1-atm and £0-kb
melting data gives values of d7/dP ranging from
2.3°C/kb to —7.0°C/kb, depending on the composition.
These data demonstrate the dangers of extrapolation of
high-pressure data to extremely high pressures such as
those at the core-mantle boundary.

Water in fektites

An infrared analytical technique has been developed
by F. E. Senftle, A. N. Thorpe, and C. E. Alexander
for measuring water in tektites, impactites, and artificial
glass of tektite composition. Twenty-two tektites from
various strewn fields had an average water content of
0.012 percent. Glasses melted in the atmosphere had
several times this amount of water. Because even at
very high temperatures the amount of water in the
glass is controlled by equilibrating with the water con-
tent in the surrounding environment, the data genevally
suggest that tektites were formed under moderate or
high vacuum conditions.

Meteoritic spherules from deep-sea sediments

Microscopic shiny spherules found in deep-sea sedi-
ments have been agsumed to originate from ablation of
iron meteorites during their passage through the atmos-
phere. This conclusion was based on the presence of
Fe-Ni cores and by comparison with spherules found
after the fall of iron meteorites. H. T. Millard, Jr.,
R. B. Finkelman, and M. B. Duke have obtained further
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evidence relating these deep-sea spherules to iron mete-
orites by determining their mineralogic and chemical
composition. Wiistite, which occurs in the fusion crusts
of iron meteorites, was detected in 9 of 10 spherules
studied and «-iron was found in 5 of the 10. Prior to this
study, the lower limit for determination of Mn concen-
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tration in these objects was about 0.1 percert, by elec-
tron-microprobe analysis. Instrumental neutron-activa-
tion analysis lower this limit to 0.002 percent, which is
much closer to known values for iron meteor‘tes (about
0.0001 percent) and much lower than the concentrations
found in terrestrial rocks.
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REMOTE-SENSING APPLICATIONS TO
GEOLOGIC INVESTIGATIONS

The application of remote-sensing studies to the U.S.
Geological Survey program in geologic mapping and
analysis involved a continuation of previous empirical
investigations and a shifting emphasis toward labora-
tory and theoretical studies, controlled field experi-
ments, and development of data-analysis techniques for
geologic interpretation. Since 1964 most of these studies
have been conducted in cooperation with the National
Aeronautics and Space Administration.

Aerial and space photography

Utilizing only the color photographs taken during the
earth-orbiter Gemini IV and V flights, soil maps were
prepared by R. B. Morrison for a 600-mile strip along
the United States-Mexico border, from west of the
Colorado River to east of El Paso, Tex. The color photo-
graphs were used to differentiate the principal soil as-
sociations, and the boundaries of the soil-association
units were mapped on rectified black-and-white en-
largements (to 1:250,000 scale) of these photos. A
1: 3,000,000-scale map was prepared for the entire strip,
and 1:250,000 maps (using Army Map Service 1 by 2
degree quadrangles as a base) were made for a 350-
mile-long sector (21,000 sq mi in the United States, plus
14,000 sq mi in Mexico). The accuracy of these maps
will be checked in the field in 1968, and criteria sought
for improving the accuracy and detail in mapping soils,
surficial deposits, and landforms from ultra-small-scale
aerial photography. W. B. Hamilton has studied the
same materials and is compiling tectonic features re-
vealed on small-scale space photography.

Study of the Gemini V color photography of the
Salt Range and Potwar Plateau, West Pakistan, by
W. R. Hemphill and Walter Danilchik, shows that the

regional continuity of some faults and folds may be .

more readily recognized and interpreted from a single
photograph taken from orbital altitude than from con-
ventional aerial photographs, where hundreds of prints
would be required to view the same area. On the basis
of rock-outcrop distribution, color, and drainage pat-
tern, several synclinal axes in the central part of the
plateau and a strike-slip fault at the western edge can
be traced on the orbital photograph for a distance
equivalent to more than 25 miles. Linear features, in

large part manifested by alinement of stream segments,
are apparent on the photograph in the southern part
of the plateau, and may be developed parallel to a frac-
ture system in the underlying bedrock, the pressnce
of which was not suspected heretofore. Part of the Si-
walik Group of late Tertiary age can be traced for more
than 50 miles, but in general, stratigraphic relation-
ships are less conclusive or reliable than the recognition
of structural features on the orbital photograph.

Color photography of the Pima copper district, Ari-
zona—studied by J. R. Cooper—shows that pedimented
granodiorite is slightly browner in areas of known al-
teration and sulfide mineralization. It is also slightly
browner in the immediate vicinity outside the are~ of
mineralization. The color contrast is too subtle to be evi-
dent on the ground and illustrates the value of aerial
color photography in recognizing and mapping broad
areas of mineralization.

Line-scan imagery

Field investigations at Surtsey island, Iceland, in
July 1967 by J. D. Friedman in cooperation with P. S.
Williams, Jr. (Air Force Cambridge Research Labora-
tories) confirmed that convecting fracture systems and
secondary fumaroles in the area of 1964 and 1965 fows
from the Surtur IT lava shield were recorded the pre-
vious year as anomalies on aerial infrared imagery.
Surface-temperature measurements provided cortrol
points for compiling an isothermal map and surface-
temperature profiles of the island from isodensitracer
scans of the infrared imagery. Preliminary study sug-
gests that radial aeromagnetic profiles of the island pro-
vided by Thorbjérn Sigurgeirsson (Science Institute,
University of Iceland) show an inverse correlation with
the surface-temperature profiles.

In both the Myvatn and Reykjanes thermal fields,
thermal anomalies recorded on infrared imagery have
been traced to tectonic lineaments channeling warm
ground water and to high-temperature thermal surface
activity. In the Reykjanes field, seismic activity on Oc-
tober 1, 1967, followed by dilation along at least one
fissure caused extensive hydrologic changes in the sur-
face of the field. Infrared emission from a rhyolite
tholoid and from fine hyaloclastite breccias in the
Mjyvatn areas suggests that near-surface circulation of
warm ground water occurred in these areas.
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Subtle thermal anomalies, on the order of a few de-
grees C, have been found by R. M. Moxham to be asso-
ciated with faults extending northwestward from the
presently known limits of the geothermal steamfield at
The Geysers, Sonoma County, Calif. These anomalies,
not readily visible on the infrared imagery, were ex-
tracted by density-level slicing techniques and con-
firmed by field temperature measurements made with a
thermistor array.

In conjunction with studies of coal-mine fires in Penn-
sylvania and other studies of infrared imagery, R. M.
Moxham, G. W. Greene, G. R. Boynton, and R. M.
Turner have developed portable automatic digital tem-
perature-recording devices for field monitoring before,
during, and following airborne infrared missions.
These devices record not only surface-temperature
variations but also meteorological parameters that af-
fect infrared imagery through the diurnal cycle. (See
also “Engineering Geology” in the section “Geology
and Hydrology Applied to Engineering and the Public
Welfare.”)

Field evaluation of thermal infrared imagery in the
Caliente and Temblor Ranges (Imperial and San Diego
Counties) and Carrizo Plain area (San Luis Obispo
County) of southern California by E. W. Wolfe sug-
gests that predawn thermal infrared anomalies pre-
viously thought to be related to shallow ground water
may be produced by trapping of cold air in topo-
graphically low areas during the night.

An evaluation of radar data by A. N. Kover, R. G.
Reeves, and G. W. Luttrell is continuing. The high-
frequency fine-resolution side-looking radar imagery
currently available gives an excellent synoptic view of
the landscape. Structural features that are expressed
topographically can be imaged to enhance their detail
and supply information which supplements conven-
tional aerial photography in many areas; however only
a limited number of useful lithologic differences have
been found by radar imagery. Mosaics of radar imagery
of inaccessible and cloud-covered regions have consid-
erable potential for geologic, geographic, and topo-
graphic projects.

Aerial remote-sensor surveys of Yellowstone National
Park using a 12-channel optical-mechanical scanner
were conducted by the Willow Run Laboratory of the
University of Michigan on contract to the Geological
Survey to supplement data acquired earlier by NASA
and other aircraft, and to provide material for special
experiments in target discrimination by automatic
processes. Detailed ground monitoring of geothermal
features of the Geyser Basin and other areas was con-
ducted to provide quantitative information to support
these data. Electronic enhancement of data and com-
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puter identification of specific geologic tergets will
greatly assist the analysis and use of data to '~ acquired
from earth-orbiting spacecraft.

J. R. Cooper completed studies of conventional color
and color infrared photography, side-looking radar,
and infrared imagery. He found (1) that ccnventional
color photography was most useful in deline~ting areas
where plutonic rocks were rich in pyrite and chalcopy-
rite; (2) that cross-polarized side-looking radar
imagery helped outline new exposures of pyroxene
rhyodacite as dark spots in an alluvial plain; and (3)
that nighttime (10:00-10:30 p.m.) infrared imagery
recorded gneiss and, locally, limestone as light (warm)
tones, white vein quartz as conspicuously dark (cool
tones) ; and unconsolidated alluvium as a distinctly
darker (cooler) tone than older unconsolidated fan-
glomerate and consolidated rocks. All the features de-
scribed above are either indistinguishable or poorly de-
fined in conventional aerial photography. These studies
are significant in that they point to the complementary
nature of the multisensor approach in the study of min-
ing districts.
instrumentation and data analysis

Outdoor tests by W. R. Hemphill with a Figh-resolu-
tion grating spectrometer and using the Fraunhofer
line-depth method were successful in detecting lumi-
nescence intensities as low as 3 percent of the incident
solar energy for hand samples of colemarite, calcite,
and phosphate rock. Because these preliminary results
also identified the need for more definitive tests, an
instrument having a higher spectral scan rate and
optical efficiency is being built and will be tested ini-
tially on Rhodamine WT, a luminescent dye used as a
tracer by hydrologists in studying current dynamics
of rivers and estuaries.

B. F. Grossling has developed a technique designated
as color mimicry to facilitate the interpretation of 2-
dimensional arrays of data (“pictures”) claracterized
by 2 or 8 variables at each field position. Each “picture”
to be examined need not be a true photogranh, but can
be merely a gray-level representation of a variable in a
2-dimensional field. The data can be of an abstract
nature or of a physical nature quite difi~rent from
radiation. In color mimicry, a different primary color—
red, blue, or green—is assigned to each “picture” needed
to display the different variables. The colored “pictures”
are projected onto a screen, and the superposition of
their projected images gives the desired synthesis of the
fields.

As a demonstration, Grossling in October 1966 com-
bined a conventional aerial photograph, an infrared
photograph, and an infrared image of the Kilauea
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Caldera, Hawaii. Many different color combinations
were tried ; several of these showed structures that were
almost imperceptible on the individual photographs
and image, and that greatly facilitated the analysis of
the myriad details of the individual pictures.

A digital-computer program has been completed by
Kenneth Watson to compute and plot the optical prop-
erties (indices of refraction and absorption), reflec-
tivity, and transmissivity as a function of wavelength,
using classical dispersion theory. This will provide val-
uable insight for investigations of infrared reflection
and emission including modeling the effects of surface
roughness and surface stain. In addition, these results
suggest that the most effective way to store spectral li-
braries for comparison with field, airplane, or satellite
observations is by using the fundamental optical prop-
erties—that is, resonant frequencies, oscillator strengths,
and damping constants—rather than emission or
reflection spectra. As an example, the reflection spectra
of quartz from 8u to 30u can be completely determined
by the oscillator strengths, and damping constants at
7 resonant frequencies, with a spectral resolution of
0.1p. This results in an order-of-magnitude reduction in
required computer storage.

R. M. Moxham, . W. Greene, R. M. Turner, and G. R.
Boynton concentrated their efforts on the development
of multiple-probe systems and automatic digital-record-
ing units for continuous monitoring in the measurement
of surface temperatures during thermal infrared sur-
veys. The multiple-probe system uses an electronic ther-
mometer with a sequencing switch that wil] scan up to
11 thermistor probes in the input. A choice of 3 scan-
ning programs, covering 3, 7, or 11 inputs, can be se-
lected and the scanning time can be set to 20 seconds, 1
minute, or 5 minutes per channel. This system will en-
able the geologist to simultaneously record surface tem-
peratures of large areas during aircraft or spacecraft
infrared surveys.

The digital thermistor recording system was devised
to eliminate the time-consuming data reduction asso-
ciated with analog systems. The system accommodates
up to 10 thermistors in an array and each is sampled at
10-minute intervals. For each sampling, the time,
temperature, and probe number is printed. Tempera-
ture ranges of 0°C to 100°C and 0°F to 100°F are avail-
able. The digital system will operate unattended for 36
hours.

W. R. Hemphill reports that an IBM 360 44 com-
puter at Purdue University’s Laboratory for Agricul-
tural Remote Sensing was used to discriminate basalt,
rhyolite, lake and surficial deposits, and water shown on
multispectral imagery of the Mono Lake area, Cali-
fornia. The imagery was acquired with an airborne
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12-channel imaging spectrometer operated by the Uni-
versity of Michigan and is recorded on magnetic tape.
The computer program involves determining the proba-
bility description of each rock type in two or more cl ~n-
nels, and then analyzing each resolution element in the
imagery on the basis of its similarity or nonsimilarity
to these probability descriptions. The computer oufput
of the Mono Craters area is a 2-dimensional plot
covering about 12 square miles on which geologic ma-
terials are symbolized by letter.

Laboratory and theoretical investigations

Preliminary analysis of reflection and emission
spectra by Kenneth Watson and R. D. Watson indi-
cates that the small shift in the spectral signatur~ of
quartz due to the shape of the Planck function gsso-
ciated with its surface temperature is masked by the
more pronounced effects of surface roughness and
chemical stain.

In order to interpret correctly the effect of atros-
pheric transmission on the infrared spectral-emision
data obtained in the field, Fourier analysis of the emis-
sion spectra of quartz has been made by R. D. Watsor. In
the absence of the atmosphere, a spectral resolution of at
least 0.2 is necessary to resolve the quartz lines at 8.50p,
9.0#, and 12.5x. An atmospheric model based on high-
resolution measurements of infrared transmis~ion
through one air mass was used. The spectrum of the
atmosphere consists of a complex line structure resolv-
able only with a resolution of greater than 0.1p. Trous-
mission of the quartz spectra through the atmosphere
results. in high-frequency modulation of the emis-ion
profile in all regions of the spectra except from 8.5u to
12p. As a result, the 8.5x and 9.0x lines are still resolv-
able with a spectral resolution of 0.2u, but the 12.5u line
can no longer be resolved. The result indicates a com-
plexity in the interpretation of infrared emission due to
atmospheric effects.

REMOTE-SENSING APPLICATIONS TO
HYDROLOGIC INVESTIGATIONS

Remote-sensing research in hydrology is aimed at in-
creasing the capability for collecting hydrologic data
for problems and areas where present procedures are
inadequate. Most research has been empirical evaluation
of airborne-sensor data collected over test areas with
identified problems and fairly well known hydrology.
Extension of the empirical results to lesser known areas
is generally by analogy.

Aerial-photographic and thermal-infrared techniques
are prime areas of investigation, but some studie~ of
radar and passive microwave frequencies are undervay.
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South Cascade Glacier drainage basin, Washington

In order to understand the interplay between glaciers
and lakes, W. J. Campbell has been studying tempera-
ture changes in South Cascade Lake. The surface-tem-
perature distribution was measured simultaneously with
four types of instruments: thermometers, thermistors,
thermocouples, and infrared radiometers. Surface-
temperature maps showing marked temperature fronts,
which relate to glacier winds, were drawn from data
collected by the radiometers and by an airborne imager.
It was found that a “cold skin” effect occurs on the lake
during windy, clear-sky conditions. That is, a very thin
cool layer forms on the surface due to the dynamic bal-
ance of evaporation and radiation. Thus the radiation
temperature of the lake surface can be as much as 2°C
cooler than the surface temperature sensed by conven-
tional means. By scanning the lake surface with infrared
radiometers mounted on adjacent peaks, synoptic sur-
face-temperature maps of the lake were obtained for a
variety of meteorologic regimes. It was found that the
temperature distribution undergoes large and rapid
fluctuations when glacier winds are supplanted by valley
winds. Temperature fronts with gradients as large as
4°C/100 m are not uncommon.

Ground-water discharge

Infrared photography and imagery have been used
by G. E. Siple to identify some elements of discharge
from limestone aquifers into the Savannah River along
reaches extending several miles downstream from cen-
tral Allendale County, S.C. Similar techniques are being
used to locate estuarine and submarine springs from the
principal limestone aquifer of Eocene to Oligocene age
off the coast from Charleston and Beaufort Counties,
S.C.

Sinkhole formation in Florida

Infrared imagery and multiband and infrared
photography were obtained from remote-sensing flights
over the Peace and Alafia River basins. The imagery of
selected areas has been examined by A. E. Coker on
a continuous-strip viewer that enables simultaneous
comparison of film obtained from several channels. Al-
though no definite conclusions about sinkhole formation
can be drawn from the data, many patterns on the color
infrared film suggest areas of pessible future sinkhole
formation.

Estuarine-vegetation mapping

Studies on the Patuxent River, Md., by R. R. Ander-
son indicate that color infrared aerial photographs are
better than conventional color aerial photographs for

REMOTE SENSING AND ADVANCED TECHNIQUES

both water-quality and shore-vegetation surveys. The
infrared photographs are particularly useful in delimit-
ing algal distributions, which can be an indirect measure
of pellution. Turbidity and possibly oxygen content
of the water may also be observed. Phragmites, Spartina,
Typha, Iva, and Nuphar are major species of shore
plants easily distinguished with this technique.
Differentiation of glacial features

Preliminary results from a study by W. "V. Barnwell
and D. A. Morris of remote-sensing data in the An-
chorage, Alaska, area suggest that color infrared aerial
photographs and infrared imagery (8u—14x) can be
used to differentiate glacial features and lineaments,
such as concentric moraines, more easily and accurately
than conventional aerial photographs. Infrered imagery
obtained in early May 1967 can be used tc distinguish
muskeg and swamp areas and areas underlain by fine-
grained soils from well-drained areas underlain by
gravel or coarse-grained undifferentiated glacial sedi-
ments. The areas underlain by fine-grained sediments
thaw more slowly and consequently regi-ter as cold
areas on the imagery. Also color infrared photography
increases resolution of estuarine features such as tidal
channels, mudflat areas, and sediment-load patterns.

Infrared imagery of Barnegat Bay, N.J.

Seymour Subitzky and P. W. Anderson have made a
preliminary analysis of infrared imagerr along the
north shore of Barnegat Bay between Waretown and
Forked River, N.J., that shows temperature variations
in the bay. The following conditions are shown, quali-
tatively at least, by the thermal variaticns: (1) the
discharge of ground water into the bay; (2) the dis-
charge of water from manmade lagoon docks into the
bay during receding tides; (3) changes in ecology in
the surrounding marshlands and swamps; and (4), pos-
sibly, an exothermic reaction caused by decomposition
of vegetal material, which is deposited in certain rela-
tively stagnant areas along the coastline.

Estuarine dispersion

R. W. Paulson has analyzed infrared imagery and
conventional color and color infrared aecrial photo-
graphs of the Delaware River estuary. The analysis
indicates that infrared imagery is useful in estuarine
reconnaissance studies and that estuarine circulation,
reaeration, and dispersion may be studiel effectively
with this technique. Infrared imagery was also taken at
hourly intervals during part of one tidal cycle on a
short reach of the estuary near Wilmington, Del. These
data are being used to study estuarine dispersion and
circulation.



CARTOGRAPHIC INVESTIGATIONS

Effect of urbanization on stream temperatures

E. J. Pluhowski reports that one of the most interest-
ing findings resulting from a NASA airborne infrared
survey of the Great South Bay-Hempstead Bay area
of Long Island on July 13, 1967, was detection of heated
water discharging into Barnums Channel. The warm
water is effluent flow from a powerplant located between
Oceanside and Island Park, N.Y. After being dis-
charged from the powerplant, the heated water (esti-
mated to be 11°C warmer than ambient bay-water
- temperatures) flows eastward into Middle Bay, raising
the temperature several degrees above that observed in
Hewlett Bay to the west and East Bay to the east.

The influence of man on the thermal pattern of
streams discharging into the bays along Long Island’s
south shore was readily apparent in the imagery.

Streams affected by ponding, channel relocation, and’

clearing off of trees and brush are warmer than the un-
affected streams.

Thermal loading in Hudson River

M. W. Busby has analyzed infrared imagery of the
lower 30 miles of the Hudson River estuary. An in-
teresting comparison of the thermal loads between the
atomic-reactor electric generating plant at Indian
Point, N.Y,, and a steam generating plant nearby can
be made from the imagery. The degree and extent of
thermal loading by the two plants appears to be the
same.

Missouri River water temperature

An aerial survey using a line-scanning infrared ra-
diometer was made by NASA in North Dakota along
the Missouri River from Bismarck to the Garrison
Reservoir. The imagery was analyzed by O. A. Crosby
and is useful in showing the temperature changes of
Garrison Reservoir at points of tributary inflow and at
points of discharge from thermal-electric plants. The
thermal effects may have been less than anticipated be-
cause of high discharge (40,000 cfs) during the period
of the survey. Another survey is scheduled when the
reservoir is discharging at a lower rate (10,000-15,000
cfs). Operating personnel of the generating plants have
noted a more pronounced thermal effect from one plant
to the next at low flows.

EARTH RESOURCES OBSERVATION
SATELLITE (EROS) PROGRAM

On its inception in September 1966, the Earth Re-
sources Observation Satellite Program of the U.S.
Department of the Interior specified to the National
Aeronautics and Space Administration its basic needs
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for an initial satellite to view the earth and study re-
sources from a near-polar, sun-synchronous, circular
orbit using high-resolution television cameras in three
spectral bands. This request generated considerable
interest in the aerospace industry, and almost all major
companies have developed plans for satellites and sug-
gested use of other facilities and instruments that might
support the program. Their plans have been presented
to a group of specialists at the NASA Goddard Space-
flight Center for analysis and recommendatiors to
NASA Headquarters and the Department of the
Interior.

Under the leadership of the U.S. Geological Suvey,
10 bureaus within the Department have establisked a
system to manage the EROS Program. In addition,
applications of the proposed initial satellite have been
defined for each bureau.

Studies are now underway to determine user require-
ments for satellite data so that automatic reception,
processing, and distribution systems can be designed
that will meet these needs in a rapid, efficient mauner.
The study will also attempt to define the systems ne>ded,
and their cost, to enhance data for the user, ard to
automate, as much as possible, interpretation procosses.

CARTOGRAPHIC INVESTIGATIONS

Lunar Orbiter profile data

Stereomodels of Lunar Orbiter photographs were
used to provide profile data for parts of the lunar ter-
rain being studied as possible landing sites. The stereo-
models were formed in an AP/C plotter that was made
available for this study by the OMI Corp. of America.
Tracking data and information telemetered from
Orbiter’s attitude sensors were used for stereomodel
orientation.

Effects of earth curvature and atmospheric refract'on

The effects of earth curvature and atmospheric refrac-
tion on photographs obtained from space and on stereo-
models formed from these photographs are being inves-
tigated. Information from this study will be us>d to
correct the effects of these phenomena and to determine
whether space photographs can be used to compile
accurate maps.

Since actual photographs are not available for this
study, fictitious ground and photograph coordinate
values will be used with a suitable computer program.
This program permits perturbations of the photo-
graphic coordinate value to simulate the effects of tilt,
atmospheric refraction, lens distortion, and other con-
ditions. A second program will be used to form a photo-

_grammetric model by means of an analytical orionta-

tion. This phase will determine the nature and
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magnitude of errors that occur in forming a model from
photographs obtained from orbital altitudes of 100 to
600 nautical miles.

Automatic plotting of grids on photographs

A recently developed system for plotting geographic
graticules and Universal Transverse Mercator grids on
unrectified space photographs will aid in identifying,
interpreting, and cataloging the large numbers of pho-
tographs that will be obtained from space sensors. A
method for automating this system is being investi-
gated; the method solves the photograph-orientation
problem analytically and requires a minimum of three
ground-control points for each photograph.

Gemini photomaps

A 1:1,000,000-scale photomap of a segment of south-
western United States and northern Mexico (consisting
of 29 enlarged, rectified Gemini photographs covering
approximately 150,000 sq mi) and a 1:250,000-scale pho-
tomap of the Tucson, Ariz., area (consisting of 1
enlarged, rectified Gemini photograph covering
approximately 5,200 sq mi) have recently been com-
pleted. They provide valuable information for earth-
resources investigations.

REMOTE SENSING AND ADVANCED TECHNIQUES

The U.S. Map Information Office (MIQ) presently
stores and distributes Gemini materials as follows:

1. Photographic copies (various scales) of the
“Gemini Photomap of Southwest United States and
Northern Mexico.”

2. Photographic copies of the “Gemini Photomap
of the Tucson, Arizona, Vicinity.”

3. Contact (70-mm) and enlarged black-and-white
positives and negatives of many Gemini pl-otographs.

4. Photographic copies of the “Photo-Image Map of
Parts of Peru, Bolivia, and Chile.”

5. Rectified black-and-white enlargements of all
Gemini photographs used in the production of the
photomaps.

‘Side-looking-radar mosaic

A mosaic of side-looking-radar photoimages of the
Yellowstone National Park area was recently com-
pleted. As expected, relatively accurate horizontal scale
in the direction of the flight line was achieved, but the
scale normal to the flight line is less accurate. Visual
presentations of radar-sensed imagery may become an
additional valuable tool in future ear‘h-resources
investigations.
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International activities with which the U.S. Geologi-
cal Survey scientists are concerned may be classified
in six categories: (1) technical assistance, (2) scientific
exchange and cooperative technical investigations, (3)
investigations to extend domestic research programs,
(4) participation in international commissions, (5) rep-
resentation in international earth-science associations,
and (6) training or supervision of participants from
abroad.

Of these activities, technical assistance to developing
countries involves the largest and most continuous com-
mitment of Geological Survey personnel. During the
past quarter of a century the Geological Survey has pro-
vided earth-science specialists for about 900 assignments
in more than 70 developing countries. This assistance
is provided at the request of recipient countries, under
the authority of the Foreign Assistance Act of 1961, as
amended.

Although technical assistance has generally been
concerned with geologic mapping and appraisal of
mineral and water resources or with applied geologic
and hydrologic studies, the long-range objectives have
been to strengthen counterpart institutions and to
develop counterpart scientific personnel. A major result
of this cooperation has been the establishment of cadres
of competent scientists and effective scientific and
resources agencies in many of the developing countries.
In those countries with which the Geological Survey
has had long-continued programs of assistance in vari-
ous projects important for national economic develop-
ment, the impact of the U.S. Geological Survey’s tech-
nical assistance has been especially strong.

In fiscal year 1968, more than half of all international
technical-assistance activities undertaken by the Geo-
logical Survey were financed by loans to the recipient
host government or directly by those governments. With
this assumption of economic responsibility by host coun-
tries, the role of the Survey has become increasingly that
of coworker and consultant. This transfer of responsi-
bility is a significant indication of scientific and tech-
nical advancement. Science leadership is now emerging
in many developing countries, and among indigenous
political and economic leaders there is a growing reali-
zation of the value of basic mineral and water-resource
data in national economic planning and development.

Major geologic and hydrologic technical-assistance

programs involving the U.S. Geological Survey were
underway in 1967 in Saudi Arabia, India, Turkey, Bra-
zil, and Colombia. Other assistance programs were
underway in Afghanistan, Chile, Costa Rica, Ethiopia,
Guyana, Kenya, Korea, Morocco, Nepal, Nigeria,
Pakistan, Nicaragua, and Zambia. These programs
utilized the services of 144 “Geological Survey spe-
cialists. For a summary of topographic technical-
assistance programs, see “Foreign-Assistance Pro-
grams” in the section “Topographic Surveys and
Mapping.”

More than 997 technical and administrative docu-
ments involving Geological Survey authors have been
issued since the beginning of the Survey’s technical-
assistance program. During fiscal year 1968, 57 reports
were published and (or) open filed, and 63 technical and
administrative documents were prepared (table 4).

TaBLE 4.—T'echnical and administrative documents issued in fiscal
year 1968 as a result of the U.S. Geological Survey techrical-
assistance program

Reports or maps prepared
Project Reports ap- Reports Reports pub-
reports proved for ublished  lished or
Country and publication by outside releasel by
admin- by the U.8. technical the U.8.
istrative Geological  journals Geological
reports Survey and Survey
counterpart
agencies

Afghanistan__________ 1
Tica_ ... 1 o
Bolivia_ - .. ____________.____ 1 . 1
Brazil_ . ____ . _______ 8 12 1 4
Central America._____ 3 U
Chile_.______________ - J 2
Colombia_ .. _________ 1 3 5 1
Costa Rica_. - 2 e 1 1
Dahomey _ 1 e
Ecuador - 1 e
Guyana._.__________._ 2 2R
India._._____________ I
Indonesia. .. _ __ o ___._ 1
Kenya_______________ 1l
Korea_ ______________ 1 3 1 2
Libya- oo . 1 . 1
Liberia. .. _________ 15 5 3 2
Morocco.. .. _____ 1 e
Nepal . o __ 1
Nigeria_ . . e~ 1 1
Pakistan.__ . _________ 9 7 2 2
Philippines_ .. . __ . ___________ 1 1 .
Saudi Arabia____ 7 5 7 10
Sudan. _ __ e 1
Thailand. . _______ 5 5 3 1
Tunisia_ e 1
Turkey.._ .. _________ 2 1 |
Total . ___________ 63 45 27 30
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As an integral part of the technical-assistance pro-
grams abroad, 85 earth-scientists and engineers from
25 countries pursued academic or intern training in the
United States under Geological Survey guidance dur-
ing fiscal year 1968. Types of assistance given each
country during the fiscal year are summarized in table
5. To date 928 participants have completed academic or
intern training in the United States under Survey
guidance.

In addition to technical assistance and participant
training, the Survey participated in a wide range of sci-
entific and technical international-exchange activities
and related cooperative investigations. These included
(1) unilateral scientific collaboration with West Ger-
many and Japan; (2) multilateral collaboration in map-
ping the Antarctic; (3) earthquake investigations in
Chile and Turkey; (4) ecological studies in the deserts

GEOLOGIC AND HYDROLOGIC INVESTIGATIONS IN OTHER COUNTRIES

of Mexico in support of domestic arid-zone research;
(5) review of available sources of manganese in Africa
south of the Sahara, because of the limited manganese
resources in the United States; (6) oceanogrs vhic stud-
ies of subsidence areas southwest of Iceland; (7) special
programs abroad in training astronauts; and (8)
arrangements abroad for the testing of remote-sensor
systems. Commissions and congresses participated in in-
cluded those for the Geologic Map of the World, Inter-
national Hydrological Decade, International Commis-
sion for Snow and Ice, Field Year of the Great Lakes,
International Oceanographic Congress, International
Union of Geodesy and Geophysics, Pacific Science Con-
gress, International Water Supply Congress, Water for
Peace, International Congress on Metallic Corrosion,
and Pan American Institute of Geography and History.

TaBLE 5.—Technical assistance to other countries provided by the U.S. Geological Survey during fiscal year 196°

USGS specialists assigned to other countries

Scientists from other countries trained in the United States

Country

Number Type Type of Number Field of training
activity !
Latin America
Argentina___________ 1 Chemist______________________ D 2 (Geochemistry (minerals).
1 Exploration and laboratory techniques—
copper.
Bolivia . . o e 1 Paleontology.
1 X-ray diffraction.
1 Subsurface geology.
Brazil______________ 6 Geologist.._ ... _____________ A B, D 5 Exploration for ground-water resources.
1 Administrative officer__ ____________________ 2 Surface-water techniques.
2 Hydrogeologist_._____._____.._ AB 1 Mineral exploration.
2 Hydraulic engineer._.___._______ A, B, D 1 Geological program planning. .
1 Hydrologist____.______________ A B 1 Photo};l;eology, structural geology, stratig-
raphy.
1 Geolog%,c administration, r~anagement,
and relationship with space studies.
1 Economic geology.
1 Topographic mapping, photogrammetry.
1 Marine geologly.
Chile. 1 QGeologic evaluation and technology—
nonmetallic minerals.
Colombia________.__ 9 Geologist_. ... ___.__________ ABC D 1 Micropaleontology.
1 QGeophysieist_ . . ____.________ D 6 Economic geology. i
2 Cartographer_ . _ . ____________. D 2 Mineral resources exploration.
1 Mineral resources exploratior—nonmetal-
lic minerals.
Guyana___._________ 4 Geologist.___________________. C 1 Cartography, photography.
1 Geochemist______._____________ C 1 Geological program planning.
1 Chemist_____________________. C 1 Photogrammetry, cartography, photog-
raphy. .
1 Photographer. ... _____________ C 1 Quality of water, ground-water techniques.
Jamaiea____________ 2 Hydrogeologist_..____.________ D
Mexieo_ ... ________ 1 Hydrologist__________________. c s
Nicaragua.__._._____. 1 Geologist___ ... ... ___.__ c -
Africa
Chad-.___.___..___._ 1 Hydrologist...___.__.__________ [0
L. 1 Engineering technician_._______ c L
Ethiopia______._____ 2 Hydrogeologist_______.________._ D
Kenya .. _________ 2 ... s D .
Liberia. . __________ 9 Geologist_.___________________ A 2 Geology.
2 Geophysieist___.______________ A, D 1 Geophysics.
1 Cartographer_ _ _______________ A .
1 Cartographic technician.__.____ A .
1  Administrative officer__ . __ -
1 Seeretary. .. e ieeaea

See footnote at end of table.
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TasLe 5.—Technical assistance to other couniries provided by the U.S. Geological Survey during fiscal year 1968—Continved

USGS specialists assigned to other countries

Scientists from other countries trained in the United States

Country
Number Type Type.of Number Field of training
activity !
Africa—Continued
Moroeeo- .. _____ 1 Hydrologist- . ____________ ..D
Nigeria_ .. __.._._. 1 Chemist _.___________________ B .
2 Hydrogeologist-.______________ AC L
1 Hydraulic engineer_.___________ CcC .
Republic of Guinea.. - . _ e 1 Geophysics.
Uganda_ _ - oo 1 Photogeology.
Near East-South Asia
Afghanistan_________ 2 Geologist.____________________ D
4 Hydrologist_._________________ A, C 1 Ground-water geology.
1 Hydrogeologist_.______________ D 1 Aerial photography and geologic mapying.
Y PIUS - - e e - 1 Spectroscopy.
India ... ________ 2 Geologist_.___________________ A .
1 Chemist______________________ C 2 HydroFeology.
Nepal ... ________ 1 Hydraulic engineer._.__________ A 8 Hydrologic investigations.
2 Hydrogeologist________________ D .-
Pakistan_________._. 2 ___.- doo . A, B, D 1 Mineral exploration and development,
geophysics.
5 Geologist.___________________. A, D 1 Analytical chemistry, geochemistry.
1 Chemist_______._______________ D 3 Ground-water hydrology.
1 TIsotopes and radiation in hydrology.
2 Hydrology.
1 ater quality analysis.
Saudi Arabia._______ 20 Geologist...__________________ AB,C, D 2 Radioactive materials.
2 Administrative offlcer_________.________.___. 1 Petrography.
1 Secretary_ - oo e
1 General services offlcer______________________...__..
4 Geophysicist_-._______________ B,D ...
4 Driller. . . e
1 Cartographer_ . _______________ c .
2 Chemist_..___________________ B ..
1 Electronics technician..________ D
1 Publications editor_ ... ________ D .
3 Civil engineer.__._____.________ B .
6 Civil engineer (technician)_._____ B
Turkey_ . _____._. 6 Geologist..___________________ AC ..
1 Driller_ _ e
1 Chemist.._____________._.____ D ..
Far East
Australia- - ____._____ 1 Geologist-___________ ...
JaPan e 1 Minor elements—igneous and metamor-
phic rocks.
1 Hydrothermal alteration in active hot-
springs systems.
1 Marine paleontology and stratigraphy.
Korea_ ... ____.__________ Hydrologist___. ________ ... 2 Geochemistry.
2 Geophysics.
2 Ground-water investigations.
1 Hydrology.
1 Structural geology.
Philippines_ . e 1 Mineralogy.
Republic of China_ _ . ___ ____ ___ . 1 Petroleum geology.
Thailand- - - ________ 1 Geologist.._ o ____ 1 Economic geology.
1 Hydrologist- - ________ . _______ ..
Vietnam.___________ 2 .. doo 1 Ground-water development.
Other
France.___.________ 1 Hydrologist-______________ . ___ 1 Hydrogeology.
Austria_____________. 1 _____ Ao e
GerMAaNY - - e 1 Engineering geology, hydrology.
Great Britain_ _ _ _ ___ 1 Seismology.
1 Mapping phases—color photography.
Poland . - 1 Hydrology.

1 A, broad program of assistance in developing or strengthening earth-science institutions and cadres; B, broad program of geologic mapping and appraisal of resovrees;
C, special studies of geologic or hydrologic phenomena or resources; D, short-range advisory help on geologic or hydrologic problems and resources.
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Significant results of some of the Geological Survey
cooperative investigations abroad during fiscal year
1968 are summarized in the following paragraphs. Most
of these investigations have involved the collaboration
of counterpart scientists and the support of counterpart
organizations.

SUMMARY BY COUNTRIES
AFGHANISTAN

Phosphate exploration

A rapid field reconnaissance for phosphatic materials
was made by E. R. Cressman, the U.S. Geological Sur-
vey (USGS), and counterpart geologists of the A fghan-
istan Ministry of Mines and Industries in selected areas
of Afghanistan. Their purpose was to determine the po-
tential for a longer range exploration program. On the
basis of present knowledge it appears unlikely that phos-
phorites of sufficient grade and extent to support a ferti-
lizer industry will be found in Afghanistan. However,
further geologic studies are needed. Stratigraphic se-
quences that warrant investigation include Paleozoic
geosynclinal strata between Kandahar and Kabul, De-
vonian rocks that extend eastward from Iran’s Elburz
Mountains, marine Jurassic rocks southwest of Pamir,
and the Mesozoic and Cenozoic basin of north Afghani-
stan. Although no evidence exists that phosphate ma-
terial is present in any of these areas, geologic conditions
are favorable for its occurrence at several places.

BOLIVIA

New ages of batholithic rocks

New K-Ar ages of rocks from the Sorata and Yani
batholiths in the northern part of the Cordillera Real
and from the Quimsa Cruz batholith in the east-central
part of the Bolivian cordillera were determined at the
laboratory of Centro de Pesquisas Geocronolégicas of
the University of Sio Paulo, Brazil, under the direction
of Prof. U.G. Cordani. All ages are based on biotite ex-
cept those from the Yani batholith, which are based on
muscovite.

The age of 2 samples of quartz monzonite from the
Quimsa. Cruz batholith and a granodiorite from the
nearby Santa Vera Cruz stock was close to 23 m.y., al-
most identical with 2 ages reported previously by J. F.
Seitz for rocks from this area analyzed in the Denver
laboratory of the U.S. Geological Survey. A granodio-
rite from the northern end of the Sorata batholith was
determined to have an age of 195 m.y.; this is compa-
rable to a previous determination of 180 m.y. made by
J. F. Evernden (Univ. of Calif.). The age of a sample
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of quartz monzonite from the nearby Yani batholith is
only 60 m.y. This was an unexpected result and will
need to be confirmed by mere work:

BRAZIL

Natural resources survey, State of Bahia

Several new mineral prospects have been discovered
in the State of Bahia by U.S. Geological Survey geolo-
gists and Brazilian geologists of the National Depart-
ment of Mineral Production (DNPM), and geochemists
of the University of Bahia with advisory assistance of
R. W. Lewis, Jr. (USGS). Prospecting along the Mara-
gojipe fault in eastern Bahia by the Geochemical Insti-
tute, University of Bahia, confirmed the presence of
copper mineralization along the fault. Analysis for cop-
per in soil and for heavy metals both in soil and allu-
vium was found to be the most effective of several
geochemical-prospecting techniques that wer- tested.

Regional geochemical prospecting in the F oquira lead
district by DNPM geologists and R. W. Levis, Jr., dis-
closed two promising areas for future detailed prospect-
ing. The areas had not been previously explored.

Field investigations in the Barra do Mendes region
of west-central Bahia by J. L. Pomerene (TJSGS) and
DNPM counterparts found indications of gold in sapro-
litic soil derived from gabbro. Complete lack of water
requires dry-washing techniques for recovery of the
gold. Preliminary sampling indicates possikle values of
$0.50 to $0.70 of gold per cubic meter of soil. In the same
region, an occurrence of free sulfur was fcund in dia-
mond placer terrane. The sulfur is present in the clay
fraction of alluvium fill in valleys that bave formed
along fractures; sulfur is also present in ground-water
seeping into pits dug in the valley floor. Both occur-
rences (gold and sulfur) however, still demand further
investigation (sampling, drilling, and so forth) in
order to get a better evaluation.

COLOMBIA

Geologic mapping and mineral exploration

The third year of systematic geologic reconnaissance
by geologists of the Colombia Mineral Inventory (6
from the U.S. Geological Survey and about 40 from the
Colombian Geological Service) saw completion of geo-
logic mapping at a scale of 1: 25,000 of an area of about.
24,000 sq mi. Geologic maps at a scale of 1: 200,000 were
completed for an area of 12,000 sq mi. The areas of in-
vestigation are in the eastern and central Andes, and in
a structurally isolated unit, the Sierra Neveda de Santa
Marta, located on the southern rim of th» Caribbean
basin, near the northern coast of Colombia.
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Age relationships

Geologic mapping supported by radiometric dating
has now identified and subdivided the Precambrian
basement rocks of the Guyana shield that project west-
ward beneath younger cover and reappear in the axes of
the folded and uplifted Andean Cordillera. Most of
these rocks are of granulite facies, but no Precambrian
plutonic intrusives, so conspicuous in the shield area,
have yet been recognized. The Precambrian rocks are
widely overlain by low- to medium-grade Paleozoic
schists, which locally grade to feldspathic gneisses, and
by Ordovician, Devonian, Carboniferous, and Permian
sedimentary rocks.

Mineralization

Rocks of the Sierra Nevada de Santa Marta appear to
be sparsely mineralized. The Triassic batholiths of the
Eastern Cordillera produced minor gold-silver base-
metal deposits in the California district northeast of
Bucaramanga. Upper Cretaceous ultramafic intrusives
appear to be the source of most of the platinum, nickel,
talc, and asbestos, and the slightly younger Antioquian
batholith most of the gold of Colombia.

Cretaceous strata contain large amounts of limestone
of various qualities, and locally gypsum; Upper Creta-
ceous rocks contain all the phosphate discovered to date,
as well as the stratabound salt deposits in the region
north and east of Bogotd. The lead-zinc deposits in
Santander, the zinc deposits of Junin, and the emeralds
for which Colombia is famous, occur in Cretaceous
strata. The Tertiary sedimentary rocks contain most of
the coal, petroleum, and the only producing iron-ore
deposit of the country.

Laboratory investigations of phosphate

Laboratory studies by J. B. Cathcart on the miner-
alogy of the phosphate deposits of the Eastern Cordil-
lera of Colombia indicate that material from beds of
noncalcareous phosphorite can be upgraded by standard
flotation methods to produce a concentrate containing
as much as 35 percent P,O;. The phosphate mineral is a
carbonate fluorapatite which, except for higher fluorine
content, is chemically very similar to material from
Florida.

Mineral-dressing tests conducted by the U.S. Bureau
of Mines on the impure talc deposits near Yarumal,
Antioquia, revealed that economic possibilities for up-
grading are limited.

COSTA RICA

Summary of results—regional mapping

Regional mapping in the area of the Central Valley
of Costa Rica by R. D. Krushensky (USGS), E. Mala-
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vassi, and R. Castillo, Costa Rica Geological Survey,
indicates the emplacement of a major intrusion of dio-
ritic composition, the Esecazi batholith, at some time
after the early Miocene. Contacts of the intrusive mass
are poorly known because of a thick saprolite and rain
forest, but scattered outcrops suggest that the intrusive
mass is batholithic and only locally stripped of its
cover. Mineralization of the contact zone or of the intru-
sion is not known in place, but float in the Rio Grande
do Orasi carries large amounts of micaceous hematite.
The intrusion cuts the fossiliferous Térraba Formation
of early Miocene age in the Escaz area and the Doan
Formation of late Tertiary(?) age in nearby Tapsnti.
As the Doan Formation does not appear to have keen
folded during the post-early Tertiary Talamar-can
orogeny, the intrusion may postdate that orogeny.

The thick succession of lava flows, lahars, and ash
beds that composes Irazi volcano suggests that no r~di-
cal or alarming change is to be expected in the ne-ar-
future activity of this volcano. Eruptions of lava from
Irazi are historically unknown, but if these should
occur from the summit area, only sparsely populated
areas are likely to be affected. Renewed activity in
Barba volcano, directly north of the capital, San José,
and the populous Central Valley, should probably c~use
some concern as in its later history this volcano pro-
duced the very widespread and thick ash-flow depnsits
of the Central Valley. These rocks were emplacedl at
very high temperatures and over a very short period of
time.

GUYANA

Geochemical prospecting

The Wanamu-Blue Mountains region of Guyara is
situated within the Guinea shield, about 110 miles nc~th-
west of Georgetown. Serpentinites and overlying soil
and laterite were analyzed for nickel, chromium, co»alt,
copper, and gold in the Denver laboratories of the
U.S. Geological Survey. Maximum values of 1 percent
Ni, 8.8 percent Cr, and 0.15 percent Co were found in
soil overlying serpentinite.

In the Consolation Creek-Aranka River area, about
40 miles east of the Wanamu-Blue Mountains region,
soils and stream sediments in low-grade metamornhic
terrane are locally enriched in cobalt (as much as 1.500
ppm) and copper (as much as 300 ppm). Disseminated
pyrite and chalcopyrite give further indication of min-
eralization in this area.

NICARAGUA

Earthquake study

A field study of the Managua earthquake (magni-
tude 4.5) of January 4, 1968, was made by R. D. Brown,
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Jr. (USGS) and S. T. Algermissen, U. S. Coast and
Geodetic Survey, during the week immediately follow-
ing the earthquake. This earthquake presented a unique
opportunity to study the effects of shallow seismic phe-
nomena on nearby buildings and other human activities.
The earthquake epicenter was in the middle of a very
large, modern, low-cost housing project on the outskirts
of Managua where building construction was uniform
and orientation varied.

Although a preliminary epicenter determination,
based on instrumental recordings of the earthquake,
placed the earthquake’s location well north of Managua,
it is now believed, on the basis of the field study, that the
epicenter is in the vicinity of the Colonia Centro Amer-
ica-Colegio Teresiano region, where the most severe
damage to structures was noted. The rapid falloff of
observed intensity with distance from that area indi-
cates that the focus of the shock was shallow, probably
less than 10 km in depth. The maximum horizontal ac-
celeration of 13.2 percent of gravity which was recorded
in the basement of the Banco Central de Nicaragua is
unusually high for an earthquake of magnitude 4.5.
Preliminary interpretation of the accelerograms shows
that the maximum acceleration was a single pulse with
a duration of approximately 3 seconds. The short dura-
tion of the high acceleration is additional evidence that
the epicenter of the shock was located in the Conolia
Centro America area.

Geologic conditions may in part be responsible for
the unusually heavy damage accompanying this earth-
quake. The heavily damaged areas are underlain to
depths of more than a hundred meters by waterborne
and airborne volcanic debris. These rocks vary in com-
position and physical properties, but those that immedi-
ately underlie Colonia Centro America are composed
predominantly of uncemented, poorly sorted, basaltic
debris with grains ranging in size from 4 to 32 mm. The
rock appears to withstand static loads well, but because
of its lack of cement or matrix, it is probably extremely
unstable under conditions of dynamic load such as re-
sult from the passage of seismic waves. Any tendency
toward such instability would be intensified by the struc-
tural attitude of the rocks in the damaged area. Dips are
about 4° N., somewhat steeper than the northward topo-
graphic slope.

Evidence of some downslope movement is found in
tensional fractures in the southern (higher) part of Co-
lonia Centro America, but downslope gravity move-
ments do not appear to have caused a significant amount
of damage.
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INDIA

Phosphate exploration

Geological investigations and subsurface exploration
of phosphatic rocks in the front range of the Himalaya
Mountains near Mussoorie are being carried out by the
Geological Survey of India, with assistance from David
Davidson and S. A. Stanin (USGS). The phosphate de-
posits are in the so-called Tal series, in rocks now be-
lieved to be Early Cretacous, and overlie limestone as-
signed to the Krol series of Jurassic age. Initial results
show that the strata are lenticular and discontinuous,
and are complicated by rapid changes in composition,
by sedimentary structures that formed during deposi-
tion, by postdepositional deformation, and by recent
slumping along the outcrop.

The phosphatic rocks are in four northwest-trending
synclinal basins. The thickest and most favorable de-
posits are in a synform northeast of Mussoorie, where
they underlie an area about 22 miles long and 1 to 4
miles wide. Preliminary exploration by the Geological
Survey of India indicates that the phosphate deposits
commonly have a calcareous matrix and will require in-
tensive study of mining and processing methods before
the feasibility of development can be ascertained. Chem-
ical studies of the phosphatic rocks in the Geological
Survey of India laboratories and metallurgical studies
by the India Bureau of Mines, with assistance from
Philip Good, metallurgist, U.S. Bureau of Mines, will
help assess the economic potential of the deposits.

Potash resources

In November 1967, G. I. Smith made a 1-month sur-
vey of the potash potential of India, at th~ request of
the Agency for International Development and in co-
operation with the Geological Survey of India. Some
production of potash may be possible by extraction from
sea water, and some may be produced from inland brines,
but discovery of a large potash-bearing marine evaporite
deposit is the best hope for a major dom»stic source.
Smith was able to outline several areas that he con-
siders potentially favorable for potash denosits.

PAKISTAN

Water resources of Dera Ismail Khén Distric*

Tn the Dera Ismdil Khan District, an avea of 3,450
sq mi in West Pakistan, irrigation is practiced near the
Indus River, using both the traditional inundation
method as well as regulated flow from tl~ Pahirpur
Canal. Elsewhere in the district, irrigation water is
provided by khirezes, perennial streams frcm the Sulai-
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méan Range, dug wells with Persian water wheels, and
some recently installed tubewells of modern construc-
tion. According to J. W. Hood (USGS), and Lufti Ali
Khan and Khalid Jawaid, of the West Pakistan Water
and Power Development Authority, the district contains
two areas favorable for additional ground-water de-
velopment: (1) a belt 10 miles wide parallel to the Indus
River from the Khisor Range to Dera Ismail Khan
town, and (2) an area extending from the mouth of the
Gumal River gorge to the vicinity of Kot Azam.
Ground-water development possibilities in much of the
district are, however, poor to mediocre, owing to deep
water table, poor-quality water, or low-yield aquifers.

Ground-water resources of East Pakistan

J. R. Jones and H. M. Babcock report that most of
the central part of East Pakistan is underlain by allu-
vial aquifers in which wells yielding 1 to 4 cfs can be
constructed. Requisite depths of wells may range from
about 300 to 500 feet. Thick deposits of clay in the
Mahupur Jungle area and along the northeast border
of the province may preclude construction of high-yield
wells, but additional test drilling is needed in these areas.
In deltaic deposits adjacent to the Mouths of the Ganges,
fresh-water aquifers apparently interfinger with
aquifers containing brackish or salty water. Aquifers
in piedmont deposits adjacent to the Shillong Plateau
and the Chittagong Hills yield some water to wells, but
apparently are not as productive as the alluvial aquifers
of the central part of the province.

Fresh and saline ground-water zones in the Punjab region

Extensive drilling and water sampling from some
1,125 test holes put down in the Punjab region of West
Pakistan have permitted both vertical and areal delinea-
tion of fresh and saline ground-water zones down to
depths of 1,500 feet. According to W. V. Swarzenski,
saline ground water occurs down gradient from sources
of recharge, particularly in the central parts of the in-
terfluvial areas. Below depths of 1,500 to 1,700 feet
most of the Punjab region is underlain by saline ground
water. Characteristically the water quality grades from
calcium-magnesium bicarbonate types near sources of
recharge, through intermediate mixed or sodium bicar-
bonate types, to sodium chloride or sulfate types where
the water is highly mineralized, as in discharge areas.
Salinity patterns can be best explained by processes of
evaporation from the water table and solution of min-
erals within the alluvial aquifer.

Mineral investigations

Targets for investigation under the mineral-resources
appraisal program conducted jointly by the Geological
Survey of Pakistan (GSP) and the U.S. Geological
Survey (USGS), include (1) chromite and associated
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minerals, (2) copper-lead-zinc-antimony, (3) cons‘ruc-
tion materials, and (4) ceramic and refractory minerals.

Field investigations by D. L. Rossman (USGS), and
counterparts, for chromite near Hindubagh, Quetta,
West Pakistan, suggest that a segment of lime~tone
and shale of Cretaceous age still retains its initial rela-
tive position beneath an ultramafic igneous complex.
The sedimentary rocks have been metamorphosed and a
metamorphic zone of hornblende garnet gneiss s few
hundred feet in maximum width is present. The
ultramafic complex is internally layered, and the
chromite bodies tend to lie along some of these layered
horizons. The present work is aimed at mapping the
internal layered structure. A study of the chromite
mineralized area near Malakand, Peshawar Division,
in West Pakistan, is also underway.

Lightweight aggregates in East Pakistan

Lightweight aggregates, essential building material
in East Pakistan, can be made from various clays v-hich
have been found to be abundant and available in the
Dacca and Chittagong areas. N. A. Parker (USGS) and
Maroof Khan (GSP) have conducted investigations
which include field exploration and sampling, and labo-
ratory mixing, molding of clay pellets, and firing and
crushing tests. Fabrication of concrete test cylinders
and, crushing tests, as well as determinations of sgecific
gravity, liquid limit, plastic index, and in-place mois-
ture are included in the testing. This project could
have profound significance in East Pakistan, vwhere
building materialsare extremely scarce.

Indus River damsite

As a result of prior regional geologic mapping of
the Hazara District, James Calkins was able to com-
plete a general geological survey of the Tarbela damsite,
a giant earthfill dam on the Indus River. The Tarbela
engineers were supplied with basic information needed
in their initial appraisal of the grouting and foundation
problems and in planning a detailed drilling program.
Knowledge of the regional geology made it possible to
predict the existence of a complex fault system that
passes down the Indus through the damsite.

KENYA

Ground water in the Coast Province of Kenya

D. W. Brown reports that the rangelands of the
Coast Province of Kenya have not reached their full
livestock and game potential owing largely to defi~ient
water supply, particularly in the dry season. Most ex-
isting surface-water sources are temporary. Hovever,
ground water is widely available in the weatherec zone
and fracture systems of crystalline metamorphic rocks
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that underlie most of the region; ground water is also
locally available in the more permeable beds of the
Duruma Sandstone. Moderately intensive hydro-
geologic exploration and appraisal of the region is
needed before extensive ground-water development is
undertaken.

LIBERIA

Mineral resources

Investigations of the Mt. Montro kyanite-bearing
gneiss by S. A. Stanin (r1473) (USGS) and B. R.
Cooper, Liberian Geological Survey (LGS), indicate
that there are total reserves of approximately 10,150,000
tons of kyanitic rock containing an estimated 2,400,000
tons of kyanite. The 411,000 cu yd of overlying residual
soil is estimated to contain 186,000 tons of kyanite. The
deposit should be of interest to private industry because
of the large size and favorable grade and purity of the
deposit, and its close proximity to a paved highway, port
facilities, and to water, electrical power, and timber
supplies.

L. V. Blade has delineated a widespread sedimentary
clay deposit near Monrovia in the New Georgia—
Bushrod Island area. Field studies indicate that the
deposit is as much as 20 feet thick and that it has a
total volume in excess of 1 million cu yd. The clay
is highly plastic; preliminary laboratory work suggests
that it could be used for ceramic ware as well as bricks
and other industrial clay products.

Sam Rosenblum (USGS) and S. P. Srivastava
(LLGS) are investigating sands of the Monrovia region
as materials for a glass industry. Preliminary findings
indicate that relatively pure silica sands are available in
large quantities in many places around Monrovia. Iron
content of the sands seems to be low, but the presence of
some kyanite grains may prove detrimental, because
this refractory mineral could cause melt problems.
However, the high specific gravity of kyanite and its
characteristic bladed habit may permit removal of the
kyanite, possibly at little additional processing cost.
The kyanite problem will be evaluated during the course
of the sand study.

Geologic mapping, geochronology, and petrographic
studies

Geologic mapping in Liberia by teams of U.S.
Geological Survey and Liberian Geological Survey
geologists and mining companies has previously shown
that nearly all of Liberia is underlain by Precambrian
crystalline rocks. However, a veneer of unmetamor-
phosed sedimentary rocks crops out intermittently
along the coastal area of western Liberia. Mapping by
R. W. White has shown that the sedimentary rocks in
the area southeast of Monrovia are composed of white
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to red laminated sandstones with intercalated arkoses,
siltstones, mudstones, and conglomerates. Tt beds are
relatively flat lying or dip gently toward the sea. Except
for sparse carbonized and silicified plant fragments, no
well-preserved fossils have been found. Cobbles of sand-
stone and black shale occasionally wash up on the
beaches southeast of Monrovia. The shale is not known
in the onshore sedimentary sequence, but it apparently
crops out on the ocean bottom only a short distance
offshore. The rock is bituminous and contains ostra-
codes(?) and carbonized plant fragments. Crude
petroleum residue occasionally washes up on the same
beaches; the source of this conceivably is nearby off-
shore seeps, but the material could be transported from
afar.

Geologic mapping in the vicinity of the Mano River
iron mine by R. W. White (USGS) and M. W. G. Baker
(LGS) has shown that the bedrock consis's of a se-
quence of metasedimentary rocks (iron formation, bio-
tite and quartzofeldspathic schists, and amphibolite)
metamorphosed to amphibolite facies, lying upon and
folded into biotite granitic gneisses. The metasedimen-
tary rocks seem to lie in synclines that trend north to
northeast, separated by gneiss upwarps; how>ver, many
minor structures trend northwesterly, and multiple de-
formation is probable. The metasedimentary rocks have
been intruded by sill-like ultramafic bodies, irregular
pegmatites and aplites, and northwest-trending diabase
dikes. The iron deposits apparently are a result of en-
richment of iron formations and lateritic weathering.
The primary iron formation seems to have & high pro-
portion of silicate minerals in addition to quartz and
iron oxides, which may be the cause of the high alumina
content of some of the ore. However, the lateritic iron-
stone capping is developed across schists, diabase, and
other rocks intimately intermixed with the tightly
folded iron formation, which is a more important cause
of the irregular grade of the ore.

Mapping by U.S. Geological Survey and Liberian
Geological Survey geologists has shown that the broad,
northwest-trending zone of diabase dikes, first recog-
nized by geologists of the Liberian-Americen-Swedish
Minerals Co. (LAMCO) in the LAMCO exploration
territory of central Liberia, is continuous through west-
ern Liberia into eastern Sierra Leone. Reconnaissance
work in southeastern Liberia has indicatec a similar
broad zone of northwest-trending dikes on strike with
that to the northwest. A second, less well-d>fined zone
of northwest-trending dikes parallels the shoreline in
the coastal area of western and central Libevia. Initial
results (five determinations) on K-Ar age determina-
tions by G. B. Dalrymple (USGS) sugge-t that the
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two zones may be of differing ages, an interior zone of
about 400 m.y., and a coastal zone of about 180 m.y.

Reconnaissance mapping and petrographic study by
G. W. Leo have shown that rocks of granulite facies crop
out in a belt as much as 15 miles wide; it trends parallel
to the coast, extending northwest from Monrovia to the
Sierra Leone border. Both metasedimentary granulites
and mafic granulites of igneous origin are abundant.
The metamorphic grade ranges from pyroxene granulite
to hornblende granulite facies, with almost impercep-
tible gradation to rocks of amphibolite facies along at
least a part of the boundary.

MOROCCO

Water-supply problems in Morocco

According to D. A. Phoenix, the availability of ade-
quate water-supply sources in Morocco is affected by the
great diversity in climatic, physiographic, and geohy-
drologic environments and the intensification of related
land and water use brought about by many centuries of
human occupancy. A few of the outstanding water
problems in the country today are: expanding industrial
and municipal water requirements, limitations in
ground-water supplies, increasing irrigation perimeters,
repetitive damage by floods, siltation of reservoirs, and
deterioration of water quality both along the coast and
inland. Phoenix suggests that both research and hydro-
logic education are needed in Morocco to develop and
manage the water resources.

NIGERIA

Artesian water in the Sokoto Basin

According to reports by H. R. Anderson and William
Ogilbee (r0155)™, borehole exploration in semiarid
northwestern Nigeria has identified three extensive ar-
tesian and subartesian aquifers that underlie most of
the 23,000 sq mi of the Sokoto Basin. The aquifers occur
in sandy members of the Eocene Gwandu Formation
and the Cretaceous Rima Group and Gundumi For-
mation. The Gwandu aquifer extends beneath an area of
5,700 sq mi in Nigeria with free-flow areas in about
1,000 sq mi. The Rima and Gundumi aquifers also yield
free flow to boreholes located in the fadama (lowland)
of the Sokoto River, and although areally more ex-
tensive, are generally somewhat less productive than the
Gwandu. The chemical quality of water from all three
aquifers is generally good, although the iron content is
high in places, and salinity increases in the deeper parts
of the aquifers.

76 William Ogilbee and H. R. Anderson, 1955, Exploratory drilling
for ground water in western Sokoto Province, Nigeria, with particular

reference to artesian aquifers in the Gwandu Formation: U.S. Geol.
Survey open-file report, 96 p., 9 figs.
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MAURITIUS

Ground-water reconnaissance of Mauritius

According to P. T. Voegeli the island of Mauritius in
the Indian Ocean is formed almost entirely of vole~nic
rocks of basaltic composition. Ground water on the is-
land occurs chiefly in a young highly permeable vole~nic
series which rests on an irregular surface of less perme-
able older rocks of similar lithology. At present the
available ground-water resources of the island are only
partly developed, chiefly through dug wells. Much fresh
water is lost to the sea from spring discharge along: the
coast. A large potential exists for additional develop-
ment through drilled wells, spring captations, and
galleries.

TURKEY

Mapping and mineral exploration program

A cooperative mineral-exploration and training pro-
gram was initiated by the Turkish Mineral Research and
Exploration Institute (MTA) and the U.S. Geological
Survey under the auspices of the U.S. Agency for Inter-
national Development. The program began with a re-on-
naissance of Turkey’s principal iron and base-metal dis-
tricts; the Egmir-Balya-Samli district of western Tur-
key and the Ergani district of central Turkey were
selected for systematic geologic mapping and investiga-
tion of metalliferous deposits. Ten areas in northwestern
Turkey were identified as primary targets for aerorag-
netic surveys and geologic reconnaissance; six of these
areas were surveyed during the year, but no economically
important iron deposits were found.

Preliminary study of the Karamadazi iron mirs in
south-central Turkey was completed by H. S. Jacohson
(USGS) and Turkish geologists.”” The mine is at a
contact between granite and Carboniferous and Perriian
limestones. Magnetite ore has formed by replacement in
a contact zone which is about 1,150 feet long and 290 to
70 feet wide; reserves above the main mining level are
estimated at 1 million tons.

SAUDI ARABIA

Mineral investigations

The nature and extent of the ore beneath and berond
the principal workings at the ancient silver-mining site
of Samrah, south of Dawadami, were tested in 18 dia-
mond-drill holes. Mineralization of economic grade and
minable width was noted in 9 holes over a strike length
of about 750 feet. The highest values were in one 5-foot
section of core which assayed 58.0 oz Ag per ton, 13.0

7 H. S. Jacobson, Durmaz Yazgan, Turan Arda, and Huseyin F libeli,

in press, Geology of the Karamadazi iron mine, Kayseri province, Tur-
key : Turkey Maden Tetkik ve Arama Enstitusu.
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percent Zn, and 7.8 percent Pb. The principal ore min-
erals are pyrite, sphalerite, galena, and several silver
minerals, of which pyrargyrite and tetrahedrite have
been identified. The ore is found along steeply dipping
shears and fracture zones characterized in places by
brecciated mylonite and quartz-carbonate veins devel-
oped in a heterogeneous assemblage of igneous rocks
ranging in composition from gabbro through granite.

Disseminated copper minerals in metasedimentary
rocks have been discovered near Wadi Yiba, east of
Qunfidah. Secondary chalcocite and malachite are the
minerals of principal interest, although zine, gold, and
silver are present, possibly in recoverable amounts. De-
tailed studies, including geological mapping, geophysi-
cal surveys, diamond drilling, and sampling, extend
over an area of approximately 814 sq mi, and reconnais-
sance studies extend over a total strike length of 48 miles.
Copper mineralization has been observed in siliceous
dolomite, pyroclastic rocks, and along shear zones. The
most extensive mineralization found to date is in pyro-
clastic rocks which are stratigraphically higher than the
siliceous dolomite. The general distribution of mineral-
ized outcrops and the concordant relationship of copper
mineralization to bedding where the rocks are only
slightly metamorphosed and relatively undisturbed sug-
gest that mineralization is stratabound. The copper-
bearing strata are sharply folded into a north-plunging
syncline transected by at least two fault systems. The
metasedimentary rocks are separated from older volcanic
rocks by a major north-striking fault. In the northern
part of the area, siliceous thin-bedded tuff with alternate
beds rich in disseminated malachite are separated by
beds poor in copper. Here it would seem that the mala-
chite was deposited contemporaneously with the tuff.

The ancient Esh Sha’ib mine, about 30 miles south
of Tathlith and 5 miles east of the Bishah-Najran road,
lies in a” gossan developed on a thin sequence of meta-
sedimentary rocks made up of impure quartzite, meta-
arkose, marble, and hornblende schist. These rocks are
cut by small dikes of pegmatite, diorite, and basalt. The
gossan, which crops out as a low ridge in a narrow wadi,

has a continuous strike length of about half a mile and -

a width of 2 to approximately 100 feet. Two smaller
gossans parallel the main gossan about 330 feet to the
south. Analysis of nearly 200 samples of gossan material
shows it to be anomalous in silver, barium, bismuth,
cadmium, copper, molybdenum, lead, antimony, tin,
vanadium, manganese, and zinc. Of these elements, only
zinc, copper, and silver appear to be economically inter-
esting. Concentrations of zinc reach more than 8 per-
cent, copper more than 6 percent, and silver more than
150 ppm in the iron-rich samples. Extension of mineral-
ization beyond its presently known limits is supported

GEOLOGIC AND HYDROLOGIC INVESTIGATIONS IN OTHER COUNTRIES

by both geophysical and geochemical wor'., Diamond
drilling is encouraging and will be continued to test
the extent and depth of mineralization.

The potentially valuable phosphate bed in the Thani-
yat Turaif area has been traced in outcrop for about 30
miles in a roughly west-trending bluff which forms the
rim of the Sirhan-Turaif basin. The bel ranges in
thickness from 1to 10 feet and in grade frort about 12 to
30 percent P.O;. The phosphate is soft and friable
throughout its length. It occurs in a zone at the top of
the Cretaceous Aruma Formation, which dips about
114° north-northeast into the subsurface from its out-
crop at the rim-bluff. An adit driven 75 feet, northward
into the phosphate on the west side of West Thaniyat
indicated that the fresh phosphate rock is of the same
grade and friability as the weathered phosvhate at the
outcrop. The friable nature of the phosphate bed, which
contains impurities of quartz sand, clay, ard marl, sug-
gests that beneficiation of the bed may be possible;
channel samples have been sent to the Tenrossee Valley
Authority for laboratory tests.

CENTO COUNTRIES

CENTO training

The second annual Central Treaty Organization
(CENTO) training course in geologic-mapping tech-
niques was conducted from July 6 to August 31, 1967,
under the supervision of E. H. Bailey (USGS) as-
sisted by D. H. Kupfer, of Louisiana State University,
and J. W. Barnes, of the University of Wales, College
of Swansea. Donald Schlick, of the U.S. Bureau of
Mines, conducted a 1-week program of irstruction on
sampling, calculating of reserves, and mine planning.
The course was held in the Hindubagh D*<trict, West
Pakistan, where part of the ultramafic-m~fic complex
and the selected chromite mines were intensively studied
and mapped by 15 trainees from the CENTO coun-
tries—Turkey, Iran, and Pakistan. A combined report
on all work performed by the graduate stucents is being
prepared for publication.

KOREA

Ground water in the Anyang Chon Basin

In an investigation of the ground-water resources of
the Anyang Chon Basin in Korea, J. T. Callahan and
others (r2168) conchude that ground-water storage in
the 245 cu km basin is about 1,410 million cvm of which
190 miltion cu m is contained in alluvium. 980 million
cu m in saprolite, and 240 million cu m in crystalline
rocks. The aquifers of the basin should yield at least 100
million cu m of water per year, a little more than double
the pumpage in 1967.
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Geological, geophysical, and paleontological studies
were conducted in the laboratories and offices of the
U.S. Geological Survey on rocks, fossils, and data col-
lected by Geological Survey personnel in the Trans-
antarctic Mountains (fig. 6). These investigations are
part of the U.S. Antarctic Research Program, supported
and coordinated by the U.S. National Science Founda-
tion and resulting from fieldwork logistically supported
by the U.S. Navy Operation Deep Freeze. Base maps
and aerial photographs are available through the Topo-
graphic Division of the Geological Survey as part of
their mapping program in Antarctica (see section
“Topographic Surveys and Mapping, Mapping in
Antarctica”).
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F16URE 6.—Index map of Antarctica.

Gondwanaland paleobotany

Antarctic Permian deposits are characterized by the
common representatives of Glossopteridales, Cordai-
tales, and Equisetales that are known from other Gond-
wana continents (Australia, India, A frica, southeastern
South America) according to J. M. Schopf. The ap-
parent lack of subprovinces within the large Gondwana
supercontlnent as defined on the basis of these plants,
1s as difficult to explain as the conspicuous presence of
the glossopterids within the whole of Gondwanaland
and their virtual absence elsewhere. The floristic isola-
tion of Gondwanaland from other land areas of the
world is no more surprising than the remarkable floristic
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unity of this large area. The possible causes of flor'stic
isolation still are under consideration. Comparison of
the Antarctic Permian flora with that of other Gond-
wana areas suggests that for the most part Artingl-ian
to Tatarian deposits may be represented, but the pres-
ence of younger Permian deposits is not precludec.

Deposits of Carboniferous age have not been proved
within Antarctica. Devonian collections, while not ex-
tensive, are consistent with cosmopolitan plant distribu-
tion. Triassic plant-bearing beds have been identified
near the East Antarctic margin of the Transantarctic
Mountains, in some places apparently conformable with
underlying Permian deposits. Possibly both Lower
(Panchet) and Middle (Molteno) Triassic may be
represented.

Postorogenic basalt and diabase, Pensacola Mounivins

Diabase and basalt in sills and dikes intrude sedirien-
tary rocks of late Precambrian through Permian ag in
the Pensacola Mountains and adjacent Mount Spenn
and Mount Ferrara area. Diabase of late Precambrian
age is intensively deformed and metamorphosed to
chlorite grade. Relatively unaltered diabase of prob~ble
Jurassic age, mapped and sampled by D. L. Schmidt,
A. B. Ford, W. H. Nelson, and R. D. Brown, Jr., at the
Pecora Escarpment in the southernmost Pensacola
Mountains, occurs as sills in glossopteriod-bearing sedi-
mentary rocks of Permian age. This diabase apyears
closely related in chemistry to postorogenic basalt and
diabase dikes that occur in folded sedimentary rocls as
young as Permian in the northern Pensacola Mountains
and in the adjacent Mount Spann and Mount Ferrara
area. The dikes thus are considered by Ford to place a
probable minimum age of Jurassic on the post-Permian
deformation in the Pensacola Mountains. Post-Permian
deformation is unrecorded elsewhere in the Transant-
arctic Mountains except possibly in north Victoria Land
but was extensive in the Ellsworth Mountains of West
Antaretic.

The postorogenic basalt and diabase have a tholeiitic
character demonstrated by major oxide analyses which
show low total alkalies (average about 2.5 weight per-
cent) in relation to silica (average about 52 percent).
Analyses of little differentiated chill zones plot beteen
the hypersthene tholeiite and pigeonite tholeiite magma
types of B. M. Gunn for Jurassic sheets of south Vic-
toria Land. The ratio of low total alkalies to silica of
the Jurassic(?) basalt and diabase is shared by the gab-
bros of the nearby Dufek Massif in the northern Pen-
sacola Mountains, which form the lower part of a post-
Permian stratiform mafic complex. A. B. Ford and
W. W. Boyd, Jr., estimate that the thickness of this com-
plex is about 7 km and that its area is at least ©.000
sq km.
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Paleomagnetism of the Dufek stratiform
Pensacola Mountains

Paleomagnetic studies by M. E. Beck, Jr., N. C.
Lindsley, and A. B. Ford were continued on about 250
oriented samples from the Dufek stratiform intrusion.
The gabbros from the Dufek Massif are magnetically
stable and yield a paleomagnetic-pole position of 47.5°
S., 164.0° W., which, when corrected for a gentle south-
westward dip of the igneous layering, is 56.0° S., 175.5°
W. This pole is close to the pole position for Jurassic
diabase sheets from elsewhere in Antarctica. Intensity of
remanent magnetism decreases stratigraphically down-
ward from a high in the gabbros of the Forrestal Range
to a low in the lower gabbro of the Dufek Massif. Two
zones of reversed polarity occur: (1) a lower zone be-
tween 2 normal zones makes up about 20 percent of the
2,000-m Dufek section, and (2) an upper zone makes up
about 65 percent of the 2,000-m Forrestal section. Evi-
dence now points toward field reversal rather than
self reversal, although mineralogic studies are still
incomplete.

intrusion,

Origin of sandstones in the Pensacola Mountains

The composite column of sedimentary rocks, pre-
dominantly sandstone, within the Pensacola Mountains
is probably about 10,000 m thick and contains rocks
ranging in age from late Precambian through Per-
mian. On the basis of petrographic study by P. L. Wil-
liams these sandstones are either quartzites or subgray-
wackes; detrital feldspar is notably a subordinate
mineral.

Sandstones in the turbidites of the Patuxent Forma-
tion of late Precambrian age are mostly poorly sorted
lithic subgraywackes with a fine-grained matrix meta-
morphosed in the chlorite zone. Sandstones in the Wiens
Formation of Cambrian(?) age are well-sorted lithic
subgraywackes and graywackes. Sandstones of early
and middle Paleozoic age, the Elliott, Elbow, and Heiser
Formations fo the Neptune Group and the overlying
Dover Sandstone, are well-sorted mature quartzite and
quartzose subgraywackes. The Gale Mudstone, a tillite
of Permian age, is a subgraywacke, and for a tillite has
a relatively well sorted sand-size fraction. The Pecora
Formation of Permian age is a fine-grained graywacke.

Most of the sandstones in the Pensacola Mountains
are marine deposits and are of varied and mixed prov-
enance, as indicated by lithic fragments. Sediment in
the Patuxent Formation was derived largely from
granitic and high-grade metamorphic terrane of the
East Antarctic craton, but a part of the sediment was
derived from intraformational volcanics and from lime-
stone and sandstone of a penecontemporaneous miogeo-
synclinal or shelf facies. The Wiens Formation and
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Elliott Sandstone are made up largely of voleanic
quartz, feldspar, and volcanic-rock fragm-nts locally
derived from flows and tuffs of the Gambacorta Forma-
tion of probable Cambrian age. Sandstcmes of the
Neptune Group and the Dover Sandstone contain pro-
gressively fewer volcanic fragments stratigraphically
upward, and the sediment was probably derived largely
from older sedimentary rocks and from crstonic rocks.
Gneiss and granite clasts in the Gale Mudstone were
derived directly from the craton during gle-iation, but
abundant rounded quartz grains suggest tl'at much of
the sediment was incorporated from sedimentary rocks,
probably from the underlying Dover Sandstone and
Neptune Group. Much of the feldspar-rich sandstone in
the Pecora Formation was probably derived directly
from the craton, the only source capable ¢ supplying
large amounts of feldspar.

Continental(?) tillitic deposits of late Paleozoic age

Upper Paleozoic tillitic deposits in the Eorlick, Pen-
sacola, and Ellsworth Mountains are unusually thick,
300 to 1,000 m, and consist of massive nonstratified
diamictite with only minor beds of sandstone and silt-
stone. Such massive tillite is commonly believed to be
slump deposits of glacial-marine origin. Fowever, ow-
ing to lack of other affirmative criteria for a marine ori-
gin, the tillitic unit in the Pensacola Mountains is tenta-
tively considered by D. L. Schmidt and P. L. Williams
to be of nonmarine origin, partially on th basis of its
low content of B, Li, S, Mn, Ni, and Co as compared
with the content of the same minor elements in modern
glacial-marine deposits off the coast of Antarctica.

Reconnaissance of north Victoria Land

North Vietoria Land and the adjoining East Antarc-
tic region to the west is the only part of Antarctica
where a transition between the Transantarctic Moun-
tain fold belt of late Precambrian and early Paleozoic
age and the East Antarctic craton of older Precambrian
age might be traced out through exposed rock. Else-
where the transition is buried beneath thousands of
meters of ice and snow, if one assumes that none of the
crystalline basement rock within the Transantarctic
Mountains is East Antarctic craton. Yet the stratig-
raphy in north Victoria Land still defies solution, even
though the rock units and regional structural trends are
now well known through three sledging surveys by New
Zealanders and an extensive helicopter reconnaissance
by W. B. Hamilton, D. F. Crowder, and D. A. Coates in
November 1964.

North Victoria Land is within the T-ansantarctic
Mountain fold belt part of the region. In the area
(Crowder, p. D95-D107) the extensive rhythmically in-
terbedded graywacke and siltstone sequence of the
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Robertson Bay Group is bounded on the west by the
Bowers Group, of shallower water origin. Both groups
are now low-grade semischists, phyllites, and slates with
northwest-trending fold axes. The Bowers Group con-
sists of the Camp Ridge Quartzite and, west of it, the
Sledgers Formation composed mostly of calcareous
sedimentary rocks and some volcanic rocks. An exten-
sive unit of medium-grade gneiss and schist lying west
of the Bowers Group rocks may be more highly meta-
morphosed equivalents of the low-grade sedimentary
rocks.
Post-tectonic granodioritic plutons are of possible
middle or late Paleozoic age and are intruded into the
low-grade sedimentary rocks as discrete, equidimen-
sional masses with conspicuous aureoles of black horn-
fels. Whether similar granodiorite plutons in the gneiss
and schist terrane are of the some age is uncertain.
Small outliers of flat-lying arkosic sandstone lie un-
conformably on the gneiss and schist and on the Sledg-
ers Formation and are cut by dolerite sills. Locally,
these Mesozoic Beacon and (or) Ferrar Group rocks are
tilted or tightly folded.

Hallett volcanic province

The four long, narrow piles of upper Cenozoic
basalt and trachyte that rise from the continental shelf
in a broken line trending northward along the moun-
tainous Ross Sea coast of northeastern Victoria Land
have been studied by W. B. Hamilton. From south to
north, the piles are Coulman Island (the shortest, 34
km), Daniell Peninsula, Hallett Peninsula, and Adare
Peninsula (the longest, 77 km). Each pile consists of a
thick foundation of palagonitic and pillow breccias,
dikes, and sills, and is topped by a veneer of subaerial
flows and tuffs. Each long pile is a composite of over-
lapping products from central vents, most of which
occur within a narrow zone; altitudes of the major
young volcanoes are typically 1,800 to 2,100 m. The
breccia foundations formed when the continental
shelf—which in this region is now ice free—bore
grounded ice whose surface was as high as 1,800 m.
The precise age range of the breccias is not known, but
that all the volcanic piles remain active is attested by
very young cinder cones upon them. The volcanic-rock
types range from ultramafic basanites to extremely sodic
trachytes. The most common rocks are varied alkaline
augite and olivine basalts. Comparison of 33 chemical
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analyses of rocks from the Hallett province witk 22
new analyses of rocks from the McMurdo volcanic prov-
ince of the southern Ross Sea shows the two terranes to
be similar chemically.

Interpretation of magnetic-intensity map

Absolute total-magnetic-intensity data collecte¢ in
the Antarctic area by expeditions of Australia, Englend,
Japan, New Zealand, the United States, and the
U.S.S.R. have been used by J. C. Behrendt to compile a
2°-square mean residual total intensity map. This map
snows a more negative residual field in East Antarctica
than in West Antarctica; the transition lies roughly
along the Transantarctic Mountains. A 1°-square m=an
residual map compiled for a portion of West Ant-
arctica and the area of the Transantarctic Mountains
shows the linear gradients along this transition in more
detail. A correlation exists between the residual mag-
netic data and Bouguer anomaly, crustal structure,
bedrock topography, and surface geology; therefore,
it seems likely that all or part of the source of the
3,000-km-wave-length magnetic anomaly is in the
crust or upper mantle. Two types of models illustrate
that a source within the upper 40 km may be possible.
One model controls the field by a single body with a
varying contact between 15 and 35 km depth but r<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>